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1.1. Human cytogenetics before the development of differential chromosome 
staining techniques 
The diploid chromosome number in man is 46, viz. 22 pairs of autosomes 
and 1 pair of sex chromosomes. In the female the latter consists of two X 
chromosomes and in the male of one X and one Y chromosome. An abnormality in 
number or form of the chromosomes is usually associated with serious distur­
bances in the mental, physical, and / or reproductive development of the in­
dividual (for extensive reviews see, e.g., Levine, 1971; Hamerton, 1971). 
In. approximately 5 out of 1000 newborn infants a chromosomal aberration 
has been found (Jacobs et al., 1974; Nielsen and Sillesen, 1975). In spon­
taneous abortions a chromosomal abnormality occurs even in a much higher per­
centage than in newborn infants: 30-60% according to surveys carried out by 
Boue and Boue (1974) and by Creasy et al. (1976). An abnormal chromosome com­
plement has also often been seen associated with various types of neoplasma 
(German, 1974; Mitelman and Levan, 1976). The study of the human chromosomes 
is therefore not only of purely scientific interest but also indispensible 
for the diagnosis of disorders associated with a chromosomal abnormality and 
for obtaining information on their pathogenesis, aetiology, mode of inheri­
tance and recurrence risk. 
Before the development of the differential staining methods the criteria 
for the identification of human metaphase chromosomes were very limited. As 
agreed upon in Denver (1960), London (1963) and Chicago (1966) , the autoso­
mal pairs were classified according to length, position of the centromere, 
and also the position of secondary constrictions when present (Fig.l), into 
7 groups (Α-G) and numbered 1-22. Figure 2 shows a human karyotype in which 
the chromosomes are arranged using this classification. As can be seen, many 
of the chromosomes within a particular group show similar features and only 
a few of the 22 autosomes can be easily distinguished. Changes in chromosome 
structure cannot be detected unless they alter the chromosomal shape. Although 
the autoradiographic analysis of the chromosomal DNA replication permitted 
identification of certain B-, D-, and E group chromosomes (Schmid, 1963; 
London Confетелгр. 1963), the technique was too complicated and time-consu­
ming for routine diagnostic use. After the initial period of describing chro­
mosomal disorders based on gross karyotypic changes, the lack of better tech­
niques for chromosomal identification proved to be a major restriction for 
further progress in human cytogenetics. 
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Fig. 1, Schematic representation of the morphological characteristics 
of human somatic metaphase chromosomes. According to the position of its 
centromere a chromosome is termed metacentric (centromere in or near 
the middle), submetacentric ( centromere nearer one end of the chromo­
some; there is a distinct short arm and a long arm, often symbolized by 
the letters ρ and q,respectively), or acrocentric (centromere very near 
one end of the chromosome, which therefore has a very short short arm). 
The terminal regions of the chromatids are the"telomeres". 
1,2, The banding techniques 
A solution to the problem of identifying each individual chromosome was 
provided by Caspersson et al. (1968) when they developed their differential 
staining method. Studying metaphase preparations of several plant and animal 
species they observed that chromosomes treated with quinacrine mustard and 
examined with fluorescence microscopy showed bright and dark regions along 
their linear axis. The banding pattern obtained was characteristic for each 
homologue and permitted the identification of all chromosomes. This new tech­
nique appeared also suitable for the recognition of human chromosomes (Cas­
persson et al., 1970) and has contributed considerably to further progress in 
human genetics, especially in diagnostic cytogenetics. A more precise analy­
sis of chromosomal aberrations in human malformation syndromes and in neo­
plastic disorders became possible. In addition, the technique could be ap­
plied for the identification of human chromosomes in meiosis (Caspersson et 
al., 1971a) and in somatic cell hybrids (Caspersson et al., 1971c). The 
fluorescence technique also permitted a more accurate karyotype analysis of 
9 
И il и « н 
+ A „
 ч
 В „ 
l II U » 
* 6-12enX 
» » Κ Η 
• 
ІА Aft 6ft 
13-15 
ai » 
« E 
16-18 
XX XX 
«
 F
 Г 19-20 
# A Λ Α 
• 
• 
21-22enY 
Fig. 2. Human male karyotype in which the chromosomes are arranged accor­
ding to the Chicago classification (1966) ( from Hustinx et al., 1975). 
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many species such as the scientifically important laboratory mouse Mus Mus­
culus (Francke and Nesbitt, 1971) and rat Rattus norvegicus (Miller et al., 
1972) It also provided a new approach in the study of possible phylogenetic 
relations, e.g., between primates (Pearson et al., 1971) and between rodents 
(Miller, 1973). 
The fluorescence technique has a number of disadvantages. The fluores­
cent light intensity fades rapidly during chromosome illumination with ultra­
violet light, not only reducing the time available for microscopic observa­
tion but also increasing the exposure times required for making microphoto-
graphs. A further drawback of the technique is that the preparations cannot 
be made permanent. The subsequently developed techniques which use the non-
fluorescent dye Giemsa did not have these disadvantages. 
With the first Giemsa banding method mainly the centromenc areas of 
most chromosomes were more deeply stained (Pardue and Gall, 1970; Arrighi 
and Hsu, 1971). Soon after, modifications of this technique resulted in Giem­
sa stained bands similar in location and stain distribution to those produced 
by quinacrine. These Giemsa staining methods were rapidly introduced as 
either alternatives or supplements to the fluorescent technique. 
To produce fluorescent bands the only treatment of the (fixed) chromo­
somes consists of their staining with a fluorochrome. In contrast to this, 
a pretreatment of the chromosomes is usually necessary to obtain banding pat­
terns with Giemsa. It is amazing how many types of pretreatment are effective 
in doing this. Bands can be produced by heating the chromosomes at 87 С (Dut-
trillaux and Lejeune, 1971), by digesting them with enzymes (Dutrillaux et 
al., 1971), by treating them with alkali ( Drets and Shaw, 1971; Schnedl, 
1971) or warm salt solutions (Sumner et al., 1971a), or by incubating them 
with certain drugs before fixation (Shafer, 1973). Even a certain household 
detergent can be used for band production (Sperling, 1972)! The number of 
band-inducing pretreatments known is so high that it is surprising that these 
techniques were not sooner discovered. 
The various differential staining techniques do not produce identical 
banding patterns. Chromosomal areas strongly staining with one technique 
might stain only weakly or not at all after the application of another tech­
nique. To discuss the results obtained so far and to establish "a standard­
ized system of nomenclature to describe the chromosomes and chromosome regions 
revealed by the various new techniques" a group of cytogeneticists met in 
Paris on the occasion of the Fourth International Congress of Human Genetics 
11 
- Q G R С 
Fig. ¿. The human chromosome No. 1 stained with various methods ( - = 
"conventional" Giemsa-staining; Q = Q-banding; G = G-banding; R = It-
banding; С = C-banding). 
in 1971. The resulting "Paris nomenclature" (Paris Conference, 1971) has now 
been adopted by the majority of investigators and has greatly contributed to 
facilitate communication in the field of cytogenetics. In this report the 
banding patterns produced in human chromosomes were classified into four types 
(see also Fig. 3): 
Q-BANDS 
These bands are produced after staining with the fluorescent dyes quin-
acrine mustard or quinacrine dihydrochloride ("Atebrin"). The fluorescent 
karyotype originally described by Caspersson et al. (1971b) was selected 
as the basis for the designation of each chromosome. 
C-BANDS 
Some techniques in which Giemsa stain is used (Pardue and Gall, 1970; 
Arrighi and Hsu, 1971) produce dark bands at the centromeric regions and 
in a few other chromosomal areas. These are called C-bands. The differen­
tiation provided by the C-banding techniques is insufficient to recognize 
each chromosome, in contrast to the one obtained with the Q-, G- and It-
banding methods. 
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G-BA ND s 
These bands become visible after a variety of pretreatments followed by 
Giemsa staining. The resulting "G-banding pattern" agrees almost fully with 
the one obtained by quinacrine fluorochromes. In high quality preparations 
sometimes over 2000 bands per diploid chromosome complement may be distin-
guished (Yunis, 1976). 
R-BANDS 
"R-bands" are produced in chromosomes if the "controlled heat denatura-
tion technique" of Dutrillaux and Lejeune (1971) is employed. This staining 
procedure, also using Giemsa dye, results in a pattern almost exactly the 
reverse of the G-banding pattern and for that reason is often called the 
"reverse- staining Giemsa method". 
The banding techniques mentioned above are those most useful for diagnos-
tic purposes, and each human cytogenetics laboratory should have the facilities 
to carry them out. In addition to the Q-, G-, C- and R-bandlng methods a num-
ber of other techniques has been developed since 1971 for the staining of cer-
tain specific chromosome areas, such as the telomeres (T-banding; Dutrillaux, 
1973), the so-called "nucleolus organizer regions" in the short arms of the 
acrocentric chromosomes (N-banding; Matsui and Sasaki, 1973), and certain 
secondary constrictions (see 1.2.). Some of the techniques involve the incor-
poration of base analogues (such as 5-bromodeoxyuridine, BrdU) into the DNA 
during culture and seem particularly useful for the microscopic study of DNA 
replication kinetics and the mechanisms of chromosomal breakage and repair 
(Latt, 1974; Dutrillaux et al., 1974). 
For a review of most differential chromosome staining techniques at pre-
sent available see, e.g., Dutrillaux (1975). 
1.3. Interphase nuclei 
In 1949 Barr and Bertram discovered a darkly staining body in the inter-
phase nuclei of female cats not present in those of male cats. This "Barr-
body" or "X-chromatin" has since been found in the large majority of female 
mammals, including man (Moore and Barr, 1953). It soon became clear that each 
Barr body represents an X chromosome in a condensed state. The study of human 
interphase nuclei for X-chromatin has become a valuable diagnostic tool in ca-
ses of disorders of sexual development (for reviews see, e.g., Moore, 1966 or 
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Hamerton, 1971). 
The new differential staining techniques have widened the scope of the 
interphase nuclei studies. In 1970 Pearson et al. reported that with quin-
acrine staining the brilliant fluorescent segment characteristic for the 
long arm of the human Y chromosome (Zech et al., 1969) could easily be dis-
tinguished as a bright body in the interphase nucleus.This fluorescent chro-
matin was termed "Y-body" or "Y-chromatin". Normal males (XY) have one such 
bright fluorescent spot in their nuclei. It is absent in the nuclei of fe-
males (XX). In nuclei of males with two Y chromosomes (XYY) two spots are 
seen. The Y-chromatin can be demonstrated in practically any cell type 
(Pearson, 1972) and is often associated with the nucleolus (Bobrow et al., 
1971a; Wyandt and Iorio, 1973). In a low percentage of the polymorphonuclear 
leukocytes it is present in "drumstick - like" nuclear appendages (Lamborot-
Manzur et al., 1971). 
The search for X- and Y-chromatin bodies in interphase nuclei provides 
a convenient and rapid method to determine, with a considerable degree of cer-
tainty, the sex chromosome complement of an individual. This is of practical 
importance as an abnormal number of sex chromosomes is the most frequently 
found chromosomal aberration in man (Jacobs et al.,1974, Nielsen and Sille-
sen, 1975). Both false-positive and false-negative results of sex chromatin 
examinations may occur, however, and to confirm the diagnosis a full meta-
phase analysis remains therefore necessary (Gardner, 1976). X- and Y-chroma-
tin investigations are also carried out in prenatal diagnosis to determine 
the fetal sex, in tissue transplantations to distinguish donor from acceptor 
cells, and in more fundamental cell genetics (Pearson, 1972). 
In addition to the X- and Y-chromatin staining methods a few other tech-
niques have become available for the detection of chromatin bodies represent-
ing specific regions of certain autosomes in interphase nuclei. To be mention-
ed in this respect are the "G-ll" staining method for the secondary constric-
tion of chromosome No. 9 (Bobrow et al., 1972), the technique of Geraedts 
and Pearson (1973) for staining the secondary constriction of chromosome No. 
1, and a modification of the "CT" technique for staining the short arms of 
certain acrocentric chromosomes (Scheres, 1976). In contrast to the X- and 
Y-chromatin staining method's, the latter techniques are only of minor impor-
tance for diagnostic cytogenetics. On the one hand they are less specific 
and therefore less reliable and on the other the chromosomal aberrations de-
tectable with these specific staining methods and associated with clinical 
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abnormalities are rare. 
The new interphase staining methods have been useful in the study of 
the internal organization of the interphase nucleus, and of the behaviour 
of certain chromosomal areas during the various stages of the mitotic cell 
cycle (Wyandt and Hecht, 1973) and during meiosis (Pearson and Bobrow, 1970; 
Stahl et al., 1973; Gagné et al., 1973). They have also revealed that a 
fairly high percentage of human spermatozoa carries a numerical chromosome 
aberration (Sumner et al., 1971b; Pawlowitzki and Pearson, 1972; Pearson et 
al. , 1973b). 
1.4. Chromosomal variants 
The extensive use of the new differential staining techniques for the 
study of the chromosomes of normal and abnormal individuals has greatly in-
creased our knowledge of the human chromosome complement. With the exception 
of Drosophila probably no other organism exists of which the karyotype is 
so well known as that of man. One of the most remarkable features of the 
human karyotype is the large number of variations seen in certain chromoso-
mal areas. Considerable differences in size and staining behaviour of these 
areas may exist between individuals without affecting their phenotype. The 
chromosomes showing these variations are called variants. The new banding 
techniques have not only permitted a further analysis of the chromosomal 
variations already known but also revealed the existence of "entirely new" 
types. For instance, certain chromosomal areas as the centromeric regions of 
the acrocentric chromosomes may vary largely in Q-fluorescence intensity 
(Caspersson et al., 1971b). The well known variation in the size of the Y 
chromosome appears to be the result of differences in the length of its 
characteristic brightly fluorescent segment (Bobrow et al., 1971b). The size 
of the C-bands also appears to vary considerably in all chromosomes (Craig-
Holmes and Shaw, 1971; McKenzie and Lubs, 1975). Some variants are more fre-
quent in the population than other ones (Geraedts and Pearson, 1974). Their 
mode of transmission is a simple Mendelian one although possible exceptions 
have been reported (Geraedts and Pearson, 1974). Because such a large number 
of variants exists the human chromosome complement is so highly variable 
that among approximately 400 persons examined no two had identical karyo-
types (Müller et al., 1975). 
The origin and possible biological and evolutionary significance of 
this large karyotype variability in man is not yet understood. One assumes 
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that the variable areas are genetically inactive and that the variations 
therefore have no phenotypic effects. Some evidence exists, however, that 
at least the variable short arms of the acrocentric chromosomes code for 
ribosomal RNA and therefore may not simply be considered inactive (Hender­
son et al., 1972). Many variable regions contain certain types of highly 
repetitive DNA (Jones et al., 1972, Gosden et al., 1975). Within such re­
gions unequal crossing-over (exchange of unequal chromosomal parts usually 
occurring following the pairing of the homologues in meiosis) might take 
place and provides a possible explanation for the origin of variants (Craig-
Holmes and Shaw, 1971) 
Chromosome variants may well be used as markers in, e.g., paternity 
testing (Jonasson et al., 1972a), for the assignment of gene loci to par­
ticular chromosomes with the aid of family studies (Hamerton and Cook, 1974), 
and to compare the cytogenetic characteristics of populations (Pearson et 
al., 1973a, Buckton et al., 1976). Chromosome variants have also been help­
ful in certain instances to determine in which parent of a child with, e.g , 
trisomy 21, trisomy 13, or triploidy, a meiotic disturbance had occurred 
(Mikkelsen et al., 1976, Jonasson et al., 1972b, Нага and Sasaki, 1975). 
In addition, the study of variants has shown that in cases of chronic 
myeloid leukemia associated with the so-called "Philadelphia chromosome" 
(Ph ) the aberrant cells are very likely of monoclonal origin (Gahrton et 
al., 1974, Hossfeld, 1975). 
1.5. Ihe nature of the hands 
Following the initial surprise caused by the discovery of the chromo­
somal banding patterns and the wide applicability of the new techniques 
to cytogenetics, the question arose as to which chromosomal properties 
formed the basis of the differential staining phenomena. Many investigators 
have considered the new methods as possible clues to the problems of the 
chemical and structural organization of chromosomes. Unfortunately, lack of 
precise knowledge on the interactions between Giemsa or quinacrine dyes and 
the chromosomal material is a major diffulty in the study of the banding 
mechanisms From the many small pieces of information which have neverthe­
less become available, it may be concluded that the matter is rather compli­
cated. Several properties of the chromatin appear to influence its staining 
behaviour. For a comprehensive review of most of the theories on the mecha­
nism of chromosomal band formation the reader is referred to, e.g., Comings 
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et al. (1973) and Comings (1974). A short summary of the principle factors 
possibly involved in band production is given below. 
Initially it was believed that the properties of the chromosomal DNA 
play a major role in band formation. This idea was supported by the observed 
differences between band- and interband regions with respect to: 
1. the base composition of their DNAs (Q- and G-positive bands are usually 
adenine- and thymidine-rich, Q- and G-negative regions are guanine- and 
cytosine-rich; Ellison and Barr, 1972; Dev et al., 1972; Weisblum and de 
Haseth, 1972), 2. the repetitivity of their DNAs (C-bands being highly re-
petitive, the remaining regions being largely intermediate or non-repetitive; 
Arrighi et al., 1971; Gosden et al., 1975), 3. the sensitivity of their DNAs 
to, e.g., alkali or heat (Bobrow and Madan, 1973; Chapelle et al., 1973; 
Dutrillaux and Covic , 1974), and 4. the timing of their DNA replication 
(Ganner and Evans, 1971; Calderón and Schnedl, 1973). 
However, evidence is increasing that other factors than DNA may also be 
of importance in band formation. Mammalian metaphase chromosomes consist 
for more than one half of proteins, viz. the basic proteins or histones and 
the acidic or non-histone proteins (Maio and Schildkraut, 1967). That these 
chromosomal proteins are very probably involved in the band formation process 
is clearly illustrated by the observation that pronase, trypsin, other pro-
teolytic enzymes, and protein dénaturants are very potent band-inducing 
agents (Dutrillaux et al., 1971; Seabright, 1971; Wang and Fedoroff, 1971; 
Utakoji, 1972; Lee et al., 1972). An indication for a possible role of the 
histones has been found by, e.g., Brown et al. (1975), who observed that 
certain fractions of these proteins were able to prevent the G-banding of 
chromosomes. Whether or not histones figure in chromosome band formation 
remains a matter of controversy. According to some authors the histones are 
unimportant as they would be removed by the strongly acid fixation procedure 
(Sumner et al., 1973); other investigators have found, however, that at least 
certain histone fractions remain after fixation (Pothier et al., 1975). 
Comings and Avelino (1975) have thoroughly studied the binding of a Giemsa 
stain component to chromatin and have developed the theory that non-histone 
proteins are the determining factors in chromosome band formation. As a re-
sult of the banding pretreatments these proteins would cover the DNA in cer-
tain chromosomal areas making these inaccessible to the stain. 
A number of authors believe the banding patterns to reflect a chromatin 
distribution pre-existing in fixed chromosomes which is only accentuated by 
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the pretreatments and the staining procedures used (McKay, 1973, Rodman and 
Taliani, 1973, Yunis, 1973). However, if this phenomenon is a major factor 
in G-band production, it could hardly be an explanation for the formation 
of the reverse- or R-banding pattern in which the chromatin concentrations 
are situated in negative G-band regions. 
In summary, the cytochemical data at present available suggest that 
certain properties of the chromosomal DNA and proteins, and certain inter-
actions between these components form the basis of the banding phenomena. 
The lack of a final answer to the question of the chemical nature of the 
chromosomal bands is of course in the first place caused by the complexity 
of the problem. It might, however, also partially be the result of the fact 
that, at least at present, most cytogeneticists are more interested in the 
practical use of the new banding methods than in understanding their physi-
co-chemical nature. 
2.1. Aim of this study 
The research activities which led to the papers collected in this thesis 
started in the early phase of the"banding period" At the time only a few 
chromosome banding techniques had been described. The results obtained with 
these techniques were often unsatisfactory and varied greatly between labo-
ratories. It was also at the time even more uncertain than at present which 
mechanism(s) were responsible for the differential staining phenomena. 
The first aim of this study has therefore been the development of one 
or more techniques suitable for application in diagnostic cytogenetics. In 
Papers I, II, III, IV and V a number of new banding methods are described. 
In the second place, an effort has been made to study the factors form-
ing the basis of the differential staining results discovered. In particular 
the effects of certain other dyes than Giemsa on chromosomal band formation 
have been investigated. These studies, which at the same time have resulted 
in a number of the above-mentioned new staining effects, are described in 
Papers II, III, IV and V. 
In one of the new staining methods, the CT technique, both alkali and 
several salts are used for pretreatment of the chromosomes. The role of the 
cations present during the formation of the CT- and related banding patterns 
has also been studied (Papers VI and VII). 
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Finally a number of clinical cytogenetic applications of the new band-
ing techniques are presented in Papers VIII, IX and X. 
2. 2. ilomenelature of new bandzng techniques 
In the 1975 Supplement of the Paris Conference (1971) it is recommended 
to use a three-letter code for describing (new) chromosome banding techniques 
In this code the first letter denotes the type of banding, the second letter 
the general technique, and the third letter the stain. For example, QFQ = 
Q-bands by Fluorescence using Quinacrine, and GTG = G_ - bands by Trypsin 
using Giemsa. In accordance with these proposals the new banding techniques 
described in this thesis should have the following three-letter codes: 
GTF = G_-banding by Trypsin using basis Fuchsin (Paper II) 
CBS = CT-banding by Barium hydroxide using Stains-all (Paper IV) 
CBF = CT-banding by Barium hydroxide using basic Fuchsin (Paper V) 
RBS = R-banding by Barium hydroxide using Stains-all (Paper IV) 
RBF = R_-banding by jîarium hydroxide using basic Fuchsin (Paper V). 
Codification of the method for specifically staining the short arms 
of certain acrocentric variants (Paper IV) is difficult as it is not yet 
fully understood if these regions are variant C-bands or that they consti-
tute a new type of band. In order to distinguish this staining method from 
the CBS- and RBS-techniques the following code is suggested. 
ABS = A^(crocentric)-banding by jîarium hydroxide using ^tains-all. 
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PAPER I 
Identification of Two Roberboiiian Translocations 
with a Giemsa Banding Technique 
J\C M J С SlHEREb 
Depaitment of Human Ocnctics Faculty of Medicine, University of Nijmegen. Nijmegen 
The Netherlands 
Received \pril 11, 1972 
Ниш/nary Using a tryj)sin banding technique a D/D and a (!/G translocation were identified 
as D 13/14 and С 21/22 
ZuHtiniiHfiifassuntj Mit Hilfe einer IVjpsm Bandierungstechnik wurde eme D/D und eine 
G/O Translokation als D 13/14 und G-21/22 identifiziert 
Introduction 
Sovel al staining techniques lecently developed loi kaiyotype analysis of 
human ehiomosomes к suit in banding patt i ι ns specific foi each chmmosome pair 
These techniques ini lude quinacnne fluorescence .staining developed by Caspersson 
et al (1970) and several variations of Giemsa staining in which it was first thought 
that denatuiat ion followed by lenaturation ot chromosomal DNA were pre­
requisites for obtaining well defined banding in ehiomosomes (e g see Sumner et 
al , 1971) However, Fina/, and Ciouchy (1971), Wang and Fcdcroff (1971), and 
S t a b n g h t (1972) observed that similar banding patterns can be obtained by 
heat ing the (hiomosomes with pmteolytic enzymes such as (hymotiypsin and 
tiypsin followed by staining with Giemsa or Leishman, which might suggest a 
• elation between banding and the state of association between DXA and nudco-
pioteins Kvcn though the reason for banding is still unknown, it provides an ex­
cellent tool for identifying each chromosome in the karyotype The puipose of the 
present communication is to repoit 2 cases of chiomosomal al ienations as tevealed 
by a modified banding technique (see Schei es 1972) 
Method 
Lymphocytes from peripheral blood were cultured as described bv Moorhead et ni (1УЫ>) 
and harvested 4 hrs after adding colchicine Subsequent to this the} were treated with b> po 
tonic KCl (0 075 M) for 8 min at 37 , fixed in 3 1 methanol acetic acid mixture and spread by 
use of the flame drv ing method 
The slides were treated with 0 1°() tripsin solution in isotonic phosphate buffered saline 
(pH 7 2) for 2—3 min at 10 followed by 2 3 nun in (.lem.s.i (1U"U Gurr's Improved R'flb in 
1/15 M Sorensen buffer pH fl Я) Mctaphnscs were photographed on 4">П>2 Scientia film (Agfa 
Gevaert) 
i«· 
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Fig. 1. Metaphase of case 1 after trypsin and GJemsa treatment; the arrow indicates the 
D-13/14 translocation chromosome 
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Fig. 2. Partial karyotype showing the groups D and G of case 1. The D-14 is mounted upside 
down to emphasize the similarity with the shorter arm of the translocation 
Results and Discussion 
Case 1. A conventional karyotype analysis of a 14 year old boy (LV) revealed 
the following abnormalities: 1 additional metacentric chromosome in group A, 
2 missing D acrocentrics and 1 extra G. Since this boy was a patient with Down's 
syndrome the supernumerary G was tentatively identified as 21 and the extra A 
as a Robertsonian rearrangement between the two missing D acrocentrics. These 
tentative conclusions are confirmed by the Giemsa banding technique (Fig. 1), 
with the banding being similar to that reported by Finaz and Grouchy (1971). 
Following the notation suggested by these authors the 4 group D chromosomes 
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Fig. :i Fig. 4 
Fig. 3. Metaphase of case 2: the arrow indicates the (î-21/22 translocation 
Fig. 4. Group G chromosomes from 2 cells of case 2. Both 21's are placed upside down to 
facilitate comparison with the shorter arm of the translocation 
were identified as 2 D-15's, 1 D-13 and 1 D-14. The banding patterns in the long 
and short arm of the additional Α-like chromosome were similar to those seen in 
D-13 and 1)14 respectively (Fig. 2), identifying it as a D-13/14 translocation (the 
most frequently found D/D translocation as described by Hecht and Kimberling 
in 1971). In addition, the banding pattern in the small supernumerary G made 
possible its identification as a G-21. 
(Jase 2. This person (MP) was a 31 year old woman whose second and last 
pregnancy resulted in a male child with a G/G translocation type of' Down's 
syndrome (the first resulted in abortion during the /5th month). A prior karyotype 
analysis without banding had suggested that the mother was a carrier of the trans­
location present in her son — 2 G's were missing and 1 extra submetacentric E-
like element was found. I n regard to the chance of further mongol children it was 
important to know whether the translocation was a G-21/22 or G-21/21, and 
banding strongly suggests the former — the short arm being similar to G-21, and 
the long arm to G-22 (Figs. 3 and 4). 
These results clearly illustrate the utility of the new Giemsa technique in the 
characterization of chromosomal abnormalities. I t provides a new approach to 
several problems in diagnostic cytogenetics, such as detection of minor chromo­
somal aberrations involved in clinical defects and screening of chromosomal 
variations as markers in linkage studies. Also a more basic need at present is to 
obtain an understanding of chemical composition, structure, and possible cyclic 
changes in chromosomes which make this banding possible. 
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Summary In this paper a technique is described for the banding of human metaphase 
chromosomes with basic fuchsin The main characteristics of the G banding pattern obtained 
w ith this cationic triphenylmethane dye are 
the secondary constriction regions of chromosomes Nos 1 and 16 are strongly stained, 
especially in the latter one, 
the heterochromatic area of chromosome No 9, usually negative with most other G banding 
techniques, is clearly visible as an intensely stained band adjacent to the centromere, 
the chromosomal outline is often very distinct, facilitating the study of the telomeres, 
a number of chromosomal regions with bright Q fluorescence such as the polymorphic 
regions of the chromosomes Nos 3, 4, and Y also stain strongly with basic fuchsin 
The basic fuchsin technique combines therefore properties of G , С , and Q-banding methods 
and seems very suitable for use in e g , family and linkage studies 
Several triphenylmethanes closely related to basic fuchsin produce similar banding pat 
terns The band producing ability is, however, diminished in those dyes which contain methyl 
ated amino groups If the methyl groups are attached to the carbon atoms at the 3-positions 
in the phenyl rings, band formation seems unaffected 
The way in which basic fuchsin and chromatin may interact as well as the possible me-
chanism(s) of band formation with this dye are discussed 
Introduction 
I n 1968 Caspcrsson et al obtained a differential staining of metaphase chromo 
somes with quinacnne mustard This technique, soon known as Q banding, has 
become an important tool in cytogenetics, in particular for the analysis of t rans 
locations and other structural rearrangements The observations of Caspersson 
et al were followed by a large number of investigations to clarify the physico-
chemical basis of this banding phenomenon and by efforts to improve the tech 
nique During these studies several methods were developed in which nonfluo-
rescent dyes л\ ere used to obtain various banding patterns (Paris Conference, 1971) 
Of the latter dyes only the Romanow sky stains such as Giemsa's, Leishman's, 
Wright's, and May Grunw aid's gave a distinct G (Giemsa)-banding (Seabnght, 
1971, Lundsteen et al , 1973, Sumner and Evans, 1973, Crossen, 1973, Sanchez 
et a l , 1973, Meisner et al , 1974) These dyes are all composed of one or more 
basic thiazine derivatives and the acid xanthene dye eosin A few basic thiazines 
on their own have also been reported to produce G-banding patterns (Lober et al , 
1973, Comings, 1975) 
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In our laboratory a number of non-Romanowsky dyes were recently examined 
for their ability to produce chromosomal bands. With some triphenylmethane 
dyes such as basic fuchsin, excellent G-banding patterns were obtained. Basic 
fuchsin staining also made it possible to distinguish certain chromosomal variants 
which in general can only be recognized by the use of other banding methods. 
I t is the purpose of this article to describe the characteristics of the banding pattern 
produced with basic fuchsin and to present the result of some studies on the 
mechanism of the band formation with this triphenylmethane dye. 
Materials and 3Iethods 
Human venous lymphocytes were cultured according to a modified Arakaki and Sparkes 
(1963) microtechnique. Colchicine, in a final concentration of 1.0 μg/ml medium, was added 
3 h before harvesting. The cells were then subjected to hypotonic treatment with 0.075 M KCl 
for 10 min at 37°C and fixed with several changes of 3:1 methyl alcohol-acetic acid. Chromo­
some preparations were made by dropping a small quantity of the final suspension onto 
clean, grease-free slides moistened with distilled water. After allowing 5—10 s for spreading, 
the excess water was removed and the preparations were dried by waving the slides vigorously 
through a warm air stream produced with the aid of a small flame. Care was taken to prevent 
overheating of the preparations or ignition of the chromosome suspensions. 
Trypsin pretreatment of chromosomes was carried out at room temperature with a 0 . 1 % 
solution of trypsin (Difco 1:250) in phosphate-buffered saline, pH 7.2. A small quantity of 
the solution was placed on one end of the slide and distributed at an even rate in about 10 s 
to the other end « ¡th the aid of a thin glass rod. The preparation was then rinsed with deionized 
water and immediately stained. In this way the effect of gradually increasing trypsin incu-
bation periods could be studied on one slide. 
For staining the chromosomes the following dyes were used: 
from E. Merck: basic fuchsin (CI 42520), pararosaniline (CI 42500), methyl green (CI 
42585), thionin (CI 52000), methylene blue (CI 52015), toluidine blue (CI 52040), and azure I I ; 
from 0 . T. Gurr: basic fuchsin, rosaniline, new fuchsin, gentian violet, and Giemsa; 
from J. T. Baker: basic fuchsin (CI 42510), and pararosaniline (parafuchsin, CI 42500); 
from British Drug Houses: basic fuchsin (CI 42500), crystal violet (CI 42555), eosin (CI 
54380), and Leishman's stain; 
from Serva: basic fuchsin (CI 42500); 
from Sigma: basic fuchsin; 
from U. C. B. Brussels: basic fuchsin. 
Thirty mg dye was dissolved in 30 ml of a 1:1:1 mixture of 0.1 N NaOH : formamide : water. 
With the aid of 1 N HCl the pH of the solution was adjusted to 10.5—11.0 or to a lower pH 
if necessary. The dye solutions were freshly prepared as after a few hours precipitation occurred, 
particularly in the basic fuchsin solution, usually resulting in loss of band-producing ability. 
The staining procedure consisted of placing the preparation in the dye solutions for 3 min, 
rinsing in deionized water, and air drying. The slides were examined without coverglass. Agfa-
Gevaert Scicntia 45C62, Scientia 50B65, or Copex Pan Rapid films were used for microphoto-
graphy. 
For interference contrast studies the Nomarski differential interference contrast system 
of Zeiss (Objective Inko f. Epiplan 40/0.85 Pol) was used. 
Results 
Basic Fuchsin. An acid or neutral solution of basic fuchsin (BF) stained mcta-
phase chromosomes uniformly. Using an alkaline B F solution (pH 10.5 or above) 
produced a distinct G-banding pattern (Fig. 1). The formation of bands was im-
proved by treatment of the chromosomes with trypsin solution before staining 
(Fig. 2). The characteristics of the G-banding pat tern obtained were the following: 
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Fig. 1. Human meta phase chromosomes treated with an alkaline basic fuchsin solution: a G-
banding pattern is visible. Notice distinct staining of heterochromatin in secondary constriction 
of chromosome No. 9 (arrow) 
Fig. 2. Trypsin-pretreated, BF-stained metaphase showing a very distinct G-banding pattern 
the heterochromatins in the secondary constrictions of chromosomes Nos. 1 
and 16 were strongly stained, representing the most conspicuous chromosomal 
regions in the metaphase; in chromosome No. 16 they were usually more deeply 
stained than in chromosome No. 1 ; 
the heterochromatin in the secondary constriction of chromosome No. 9, usually 
negative or only faintly stained in the G-banding patterns obtained with other 
techniques, was visible as a distinct band adjacent to the centromere (Fig. 3); 
the chromosomes were usually slightly swollen and clearly delineated, facili-
tating the study of their poorly stained telomeres (Fig. 4) ; 
in the metaphases of some individuals a strongly stained band became visible 
in the centromeric region of the long arm of one of the chromosomes No. 3 (Fig. 5) ; 
sometimes this occurred in both chromosomes No. 3 ; Q-band analysis revealed 
these to be the chromosomes No. 3 having brightly fluorescent material in their 
polymorphically variant regions. 
The basic fuchsin-staining technique has therefore the advantage of not only 
showing a distinct G-banding pattern but also of permitting at the same time 
a study of some C- and Q-banding characteristics in human chromosomes. The 
method seems particularly suitable for the examination of chromosome No. 9, of 
its variants, and of rearrangements in which this chromosome may be involved. 
Figure 6 gives some examples of BF-stained chromosomes No. 9. 
The BF-staining method also provides a means to detect chromosome No. 3 
variants without the use of Q-fluorescence analysis. These variants may be easily 
recognized. In the chromosomes No. 3 without strongly fluorescent chromatin, 
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Fig. 3. Karyogram of a trypsin BF-treated metaphase; the arrow indicates the 9q hetero-
chromatin 
the long-arm band adjacent to the centromere usually stains less intensely than 
the neighboring band on the short arm. I n this chromosomal variant therefore 
no difference is seen between the G-banding patterns obtained with the BF- or 
other staining techniques (Fig. 7a). I n the chromosome No. 3 variant having an 
intensely fluorescent area, the B F technique produces a long-arm band which 
stains more strongly than the adjacent short-arm band (Fig. 7 b and c). This 
long-arm band becomes more conspicuous if the chromosomes have been over-
treated with trypsin (Fig. 7d). I t is known t h a t the intensity of the polymorphic 
fluorescent band in chromosome No. 3 may vary from barely discernible to bright 
(Pearson et al., 1973; Ferguson-Smith, 1974). The staining intensity of this area 
with the B F technique corresponds to its behavior after t reatment with quinacrine 
mustard : brightly fluorescent polymorphic bands stain deeply with basic fuchsin ; 
less intensely fluorescent ones more weakly. 
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Fig. 4. Detail of a trypsin BF-treated metaphase; notice poorly stained but clearly outlined 
telomeric regions of a number of chromosomes (arrows) 
Fig. 5. Trypsin BF-treated metaphase of individual having a chromosome No. 3 variant with 
a brightly Q-fluorescent area in polymorphic region; this region stained strongly (large arrow). 
9q heterochromatin also visible (small arrows) 
Other chromosomal areas known to have variable fluorescence were studied 
with the B F technique such as the distal part of the Y long arm, the long-arm 
region of chromosome No. 4 adjacent to the centromere, and the short arms and 
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Fig. 6a—d. Chromosomes No. 9 stained with trypsin-Giemsa or with the trypsin-BF technique, 
(a) A pair of trypsin-Giemsa treated chromosomes No. 9: secondary constriction regions stain 
only faintly, (b) Chromosomes No. 9 treated with trypsin-BF technique: heterochromatin 
visible as a darkly stained band adjacent to centromere, (c) Trypsin BF-treated chromosomes 
No. 9 of individual having a variant chromosome No. 9 with an enlarged heterochromatic 
region; in this chromosome {arrow) two heterochromatic bands are visible, (d) Trypsin BF-
stained chromosomes No. 9 of individual having a chromosome No. 9 (variant ?) with peri­
centric inversion (arrow) 
Fig. 7 a—d. Chromosomes No. 3 stained with the trypsin-Giemsa or with the trypsin-BF 
technique, (a) Trypsin-Giemsa treated chromosomes No. 3: short-arm band adjacent to 
centromere usually stains more deeply than its neighboring band on long arm. (b) Chromo­
somes No. 3 of individual having one variant No. 3 with brightly Q-fluorescent chromatin 
in polymorphic region; after trypsin-BF staining this chromatin visible as an intensely stained 
band in centromeric region of long arm (arrow), (c) Trypsin BF-treated chromosomes No. 3 
of individual having two brightly fluorescent No. 3 variants, (d) Chromosome No. 3 variant 
with brightly Q-fluorescent chromatin, stained with basic fuchsin after prolonged trypsin 
treatment 
Fig. 8. Chromosomes No. 4 of individual with intensely Q-fluorescent chromatin in centromeric 
region on long arm of one chromosome No. 4; after trypsin-BF treatment this material appears 
as a small, but distinct band (arrow) 
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Fig. 9A and В. Formulae of the triphenylmethane dyes used in these experiments. (A) Main 
components of basic fuchsin. (B) Other triphenylmethanes used 
satellites of the acrocentric chromosomes. The intensely fluorescent Y chromatin, 
showing an inconstant staining behavior with other techniques (Paris Conference, 
1971) stains consistently well with basic fuchsin. The brightly fluorescent chromo­
some No. 4 variant appears also distinguishable with the use of the B F technique 
(Fig. 8). Thus far we studied only a few individuals having this variant. With 
regard to the short arms and satellites of the acrocentric chromosomes a less 
consistent correspondence between the degree of fluorescence and the intensity 
of staining with basic fuchsin was noticed than e.g., in chromosome No. 3. 
Basic Fuchsin Components and Related Triphenylmethanes. Basic fuchsin is a 
mixture of several cationic dyes of the triphenylmethane group. The main compo­
nents are (Gurr, 1960) : pararosaniline, rosaniline (basic magenta), and new fuchsin 
(new magenta). The last two are derived from pararosaniline by substituting 
methyl groups for one and three hydrogen atoms, respectively, at the 3-positions 
of the phenyl rings (Fig. 9a). To study the possible role of each of the B F compo­
nents in the band formation, pararosaniline, rosaniline, and new fuchsin were 
investigated separately (Table 1). I n chromosomes pretreated with trypsin, each 
compound produced a G-banding pattern identical in every respect to the one 
obtained with the complete basic fuchsin mixture. Apparently not the entire basic 
fuchsin complement is required for its band-producing properties. 
Related to basic fuchsin are those triphenylmethanes derived from para­
rosaniline by replacing one or more N-hydrogen atoms by methyl groups (Fig. 9 b). 
Of this group we studied a few viz. gentian violet which is a mixture of tetra-, 
penta-, and hexamethylpararosaniline, crystal violet (hexamethylpararosaniline), 
and methyl green ("heptamethylpararosaniline"). Only gentian violet and crystal 
violet produced G-banding patterns (Table 1). The banding was, however, inferior 
to the one obtained with basic fuchsin. We also noticed t h a t the heterochromatin 
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Table 1. Ability of alkaline dye solutions3· to produce G bands in human chromosomes; the 
effect of pretreatment with trypsin 
Dye 
Triphenylmethanes : 
Basic fuchsin 
Pararosaniline 
Rosaniline 
New fuchsin 
Gentian violet 
Crystal violet 
Methyl green 
Romanowsky dyes: 
Giemsa 
Leishman 
Thiazine dyes: 
Methylene blue 
Azure I I 
Thionin 
Toluidine blue 
Methylene blue-Eosin 
Azure II-Eosin 
Band production 
without trypsin 
pretreatment 
+ 
+ 
+ 
+ 
+ 
0 
0 
0 
0 
+ 
+ 
0 
0 
0 
0 
Band production 
after trypsin 
pretreatment 
+ + + 
+ + + 
+ + + 
+ + + 
+ + 
+ + Ü 
Ob 
Ob 
+ 
+ 
0 
0 
0 
0 
Remarks 
G + 9 
G + 9 
G + 9 
G + 9 
G + 9 
G 
G 
G 
О = no banding; + = faint banding ; + + = good banding; + + + = very good banding. 
G = G-banding pattern. G + 9 = G-banding pattern in which the 9q heterochromatin stains 
strongly. 
a
 The dyes are dissolved in 1:2 formamide-water mixture (pH 10.5—11.0). 
ь In neutral, aqueous solutions these dyes gave very good banding. 
of chromosome No. 9 was not well stained with crystal violet which is the most 
methylated band-producing triphenylmethane in this series (Fig. 10). 
Differences in Dye Samples. The proportions in which each of the main compo­
nents are present in the various brands of basic fuchsin may vary greatly (Mowry 
and Kasten, 1975). For t h a t reason we tested a number of basic fuchsin samples 
from various manufacturers (see Materials and Methods). Although the differences 
in the patterns obtained with the brands used were small, the UCB and B D H 
dyes appeared to produce slightly better results. 
The Effect of pH. The p H of the B F solution also influences the banding pattern 
produced in trypsin-pretreated chromosomes. A p H of 10.5—11.0 gives the best 
results. Below a p H of 10 the banding pattern becomes less distinct because the 
G-negative regions gradually take up more stain. At a p H below 7.0 hardly any 
banding remains. 
Staining of the heterochromatin of the chromosome No. 9 with B F appears 
possible at each p H examined although at lower pHs this chromosome is usually 
difficult to recognize. 
Romanowsky and Thiazine Dyes. A number of Romanowsky and thiazine dyes 
were tested for their ability to produce bands under the same experimental 
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Fig. 10. Trypsin-pretreated chromosomes stained with crystal violet: secondary constriction 
region of chromosome No. 9 only weakly tinted (arrow) 
Fig. 11. Trypsinized metaphase chromosomes treated with azure IT: the 9q heterochromatin 
only weakly stained (arrows) 
f 
Fig. 12 a and b. Comparison of bright field- and Nomarski interference contrast appearance 
of trypsin BF-treated chromosomes, (a) Banded chromosomes as seen with bright field optics, 
(b) Nomarski interference contrast appearance of same chromosomes; the G-positive areas 
appear as ridges (small arrows), the G-negative regions sometimes as cavities (large arrow) 
conditions as used for BF staining (Table 1). Only methylene blue and azure II 
gave banding patterns. They differed from the one obtained with basic fuchsin : 
the chromosomes stained with methylene blue or azure II appeared less swollen, 
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were not clearly outlined, and the heterochromatins in the chromosomes No. 9 
(Fig. 11) and in the variant No. 3 chromosomes with brightly fluorescent areas 
remained unstained. 
The presence of eosin in the methylene blue or azure I I solutions had an adverse 
effect on the banding pattern produced (Table 1). 
The Effect of Salt. Increasing the N a + concentration in the basic fuchsin solu­
tion by the addition of sodium chloride had no negative effect on the chromosome 
staining intensities obtained. With a concentration of 0.25 M N a + the intensity 
was even higher than after the use of the standard B F solution with 0.03 M Na '. 
Morphologic Aspects. To determine whether trypsin-BF treatment results in 
morphologic changes comparable to those caused by the trypsin-Giemsa tech­
niques (e.g., Ross and Gormly, 1973; Cervenka et al., 1973) the chromosomes 
were studied by Nomarski interference contrast microscopy. In trypsin-BF treated 
chromosomes the positive band areas appeared as raised structures in the chroma­
tids and the negative regions often as cavities (Fig. 12a and b). The elevated 
regions and the cavities were absent in chromosomes left unstained after treat­
ment with trypsin. Basic fuchsin and probably the other band-producing tri-
phenylmethanes as well cause therefore very important structural changes in 
trypsin-treated chromosomes during the clicitation of the G-bands. 
Discussion 
Our results demonstrate t h a t a number of triphenylmethane dyes, partic­
ularly basic fuchsin, are suitable for G-band formation in human chromosomes. 
Sumner and Evans (1973) have also examined the band-producing ability of basic 
fuchsin. These authors considered the BF-induced G-banding pattern inferior to 
that obtained with Giemsa. I n our studies in which we used dyes dissolved in 
alkaline formamide-water mixtures, basic fuchsin and its component triphenyl-
methanes gave banding patterns clearly superior to those obtained with Giemsa 
or with the thiazincs. With the basic fuchsin method it is also possible to stain 
the hetcrochromatin of the chromosome No. 9 and to recognize the brightly 
fluorescent variants of the chromosomes Nos. 3, 4, and Y. The BF-banding pattern 
is thus even more informative than the G-banding obtained with other techniques. 
The basic fuchsin-staining method may therefore be very useful in e.g., family 
and linkage studies in which marker chromosomes recognition plays an important 
role. A further advantage of the B F technique is the usually very clear chromo­
somal outline especially facilitating the study of the poorly stained telomcrie 
areas. For these reasons we intend to adopt the B F method temporarily in clinical 
cytogenetics along with the routinely used trypsin-Giemsa technique (Scheres, 
1972). After carrying out a sufficient number of chromosome analyses we shall 
then be able to decide which of the two methods gives the most consistent results 
and is the least susceptible to occasional minor changes in the preparative tech­
nique. 
In the G-banding patterns obtained with most techniques the hcterochromatin 
in the chromosome No. 9 secondary constriction remains negative (Paris Con­
ference, 1971). Except for our basic fuchsin method only a few other G-banding 
techniques stain this region as far as we know. According to Chen (1974), the 9q 
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hetcroehromatin is sometimos well stained if' the ASG method of Sumner et al. 
(1971) is used for banding. The so-called Giemsa-9 technique of Patii et al. (1971) 
and the modified trypsin-Gicmsa method of Merrick et al. (1973) are also capable 
of staining this heterochromatic area. In the latter one the chromosomes are 
slightly overtrypsinized before staining, in the former technique no pretreatment 
is used before the chromosomes are stained in an alkaline Giemsa solution. The use 
of an alkaline Giemsa solution (pH 11.6) also forms the basis of the so-called 
Giemsa-11 technique (ВоЬгол et al., 1972; Gagné and Labcrge, 1972) which 
specifically stains the hcterochromatin in the secondary constriction of chromo-
some No. 9. From the above data it may be concluded tha t a trypsin pretreat-
ment or a high pH of the dye solution make this region more accessible to the stain. 
In the basic fuchsin technique these factors are combined, which possibly explains 
why the 9q hetcroehromatin consistently stains well with this method. Over-
trypsinization of the chromosomes enhances the stainability of this region with 
BF. The same is observed in the heterochromatic regions of ohromosomes Nos. 1 
and 16. Merrick et al. (1973) also found better stained heterochromatins in these 
chromosomes when longer trypsinization periods were used. In the B F technique 
the chromatin in the brightly Q-fluorescent regions of variant chromosomes No. 3 
stains also more deeply after overtrypsinization. 
An interesting observation is also tha t the chromosome No. 9 hcterochromatin 
does not stain in the G-banding pat tern obtained with crystal violet, the most 
methylated band-producing triphenylmethane dye used in our experiments. Pos-
sibly the interaction between the dye and the heterochromatin of the chromosome 
No. 9 is inhibited by the methylated amino groups. These groups also seem to 
impair the band-producing capability of the triphenylmethanes : increasing the 
number of N-methyl groups in these dyes results in a less distinct G-banding pat-
tern. However, as there was no difference seen between the banding patterns 
obtained with the nonmethylated pararosaniline or the methylated compounds 
rosaniline and now fuchsin—containing one and three methyl groups, respectively, 
at the 3-positions in the phenylrings—one might conclude tha t the presence of 
methyl groups at these positions plays no major role in the band formation with 
the triphenylmethanes. According to Comings (1975) methyl groups also seem to 
be of importance for chromosome banding with the thiazine dyes. However, for 
these stains the situation seems to be different: the band-producing ability of the 
thiazines appears to depend on the presence of at least one methyl group. For 
example, the nonmethylated dye thionin consistently failed to give good banding 
(Table 1: Comings, 1975). 
The mechanism(s) of the interaction between band-producing dyes and chro-
matin remain(s) uncertain. According to Sumner and Evans (1973) the formation 
of a complex consisting of one eosin molecule and two methylene blue molecules 
attached ionically to the DNA is necessary for band production with Giemsa. On 
the other hand, Löber et al. (1973) have found that methylene blue alone can 
give satisfactory banding. Good G-banding was also obtained by Comings (1975) 
using methylene blue or any of the azures alone. From their results it might there-
fore be concluded that a complex formation between eosin, thiazines, and DNA 
as suggested by Sumner and Evans (1973) is not required for obtaining bands. 
In an effort to gain an insight into the mechanism of G-banding, Comings (1975) 
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and Comings and A velino (1975) have further studied spectrophotometrically the 
binding of methylene blue to DXA and to fixed and unfixed chromatin. They 
concluded that methylene blue is bound to chromatin by side stacking interaction 
with the phosphate groups in the DNA. According to these authors the banding 
pretreatments (e.g., heat-, salt-, or trypsin incubation) might produce such a 
change in the nucleoprotein complex t h a t the DNA in the interbands becomes 
more effectively covered by the proteins. This would hinder the interaction of the 
cationic dye molecules with the anionic DNA phosphates, leaving the interbands 
unstained. The theory t h a t the chromosomal proteins are involved in the dif­
ferential staining is further supported by the observations of Brown et al. (1975) 
t h a t certain histone fractions were able to prevent the G-banding of chromosomes 
with Giemsa. 
As we studied only a few aspects of B F staining, it is difficult to establish 
whether the binding of the basic fuchsin to the chromatin resembles the methylene 
blue-chromatin interaction. Ionic binding of basic fuchsin to substrates with an 
opposite charge (e.g., DNA phosphates) does not seem to be of much importance 
as chromosome staining not only remains uninhibited by the presence of relatively 
high N a + concentrations but is even somewhat enhanced. In addition, the ioni­
zation degree of the amino groups in basic fuchsin might become reduced by the 
high p H used in our experiments. If ionic binding plays only a minor role in the 
BF-staining technique or perhaps none a t all, the question arises as to which other 
binding mechanism or mechanisms arc involved in the formation of banding pat­
terns with this dye. Scott (1967) studied the interaction between chromatin and 
methyl green, a triphenylmethane closely related to basic fuchsin. He considered 
it likely t h a t one or two phenyl rings of the dye intercalate between the base 
pairs of DNA. The remaining nonintercalated ring or rings would protrude from 
the pile of base pairs and fit into the major groove of the DNA. Such intercalation 
might also occur in the basic fuchsin banding. The high p H of the BF-staining 
solution may loosen the nucleoprotein complex to some extent, possibly facilitating 
the intercalation of the dye molecules. I n the interbands known to contain chro­
matin less susceptible to alkali (Bobrow and Madan, 1973; de la Chapelle et al., 
1973 ; Scheres, 1976) the dye molecules might less easily intercalate. This would 
then result in a weaker staining of these regions. 
A binding of basic fuchsin to chromatin by intercalation might also explain 
why the BF-staining intensity of certain polymorphic chromosomal areas corre­
sponds to their Q-fluorescence intensity, as quinacrine also binds predominantly by 
intercalation (Comings et al., 1975). I n contrast to these polymorphic regions the 
hcterochromatins of the chromosome Nos. 1, 9, and 16 do not show a correlation 
between their Q fluorescence and BF-staining intensity. They stain deeply with 
B F but fluoresce only weakly. This discrepancy may be caused by the pre­
dominantly AT-rich satellite DNAs which are present in these regions (Jones et al., 
1973; Gosden et al., 1975), and which are probably the reason for the marked 
alkali sensitivity observed in these hetcrochromatic areas (de la Chapelle et al., 
1973; Bobrow and Madan, 1973). Treatment with the high p H solution of basic 
fuchsin would increase even more the above-mentioned loosening of the nucleo­
protein complex in these chromosomal regions, resulting in their deep staining. 
The weak Q fluorescence of these areas is perhaps the result of the presence of 
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interspersed quenching GC base pairs (Pachmann and Rigler, 1972 ; Weisblum, 
1973: Sclander and de la Chapelle, 1973; Lat t et al., 1974), of special protein-
DNA interactions (Comings et al., 1975), or of an alteration in DXA configuration 
(Gottesfeld et al., 1974) which might interfere with the quinacrine intercalation 
(Schreck et al., 1974). 
The BF-banding pat tern characteristics are very similar to those obtained 
with 2,7, di-t-butyl proflavine (DBP, Distèche and Bontemps, 1974). Chromosomes 
stained with this fluorochrome show a "Q"-banding pattern in which the hetero-
chromatins of the chromosome Nos. 1, 9, and 16 are brightly fluorescent. Müller 
et al. (1973) studied the properties of this quinacrine-related fluorochrome and 
found tha t it binds specifically to AT base pairs. The similarity between the 
DBP- and BF-banding patterns may be an indication tha t B F stains mainly AT-
rich chromatins. For a better interpretation of the interaction between B F and 
chromatin additional, more fundamental experiments will have to be carried out. 
Although the binding mechanisms of basic fuchsin and Giemsa to chromatin 
may differ, both dyes cause similar structural changes in trypsin-pretreated chro-
mosomes. With the aid of Nomarski interference contrast microscopy, the positive 
bands become visible as ridges on the chromatids after staining with basic fuchsin 
(own results) or Giemsa (Schnedl, 1973; Cervenka et al., 1973; Schuh et al., 1975). 
This phenomenon is in accordance with the electron-microscopic observations tha t 
the G-positive areas appear as raised structures (Gormley and Ross, 1972; Ross 
and Gormley, 1973; van der Linden and Pearson, 1973), and that they contain 
more and very densely packed chromatin fibrils (Ruzicka and Schwarzacher, 1974; 
Burkholder, 1975; Bahr et al., 1973). 
Although the mechanism of the BF-banding pattern formation remains un-
certain the basic fuchsin staining method may contribute to cytogenetics because 
it permits the simultaneous study of G-, and of some C- and Q-banding character-
istics of human chromosomes. 
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PAPER III 
Production oí С and Τ Bands in Human Chromosomes 
after Ileal Treatment at High pH 
and Staining wilh "Stains-All" 
J M J С S c h e r e s 
Departnunt of Human Genetics, Faeult\ of Medicine, Univeisity of Nijmegen, Nijmegen, 
The Netherlands 
R e t e n e d March 3, 1974 
Summary Heat treatment of human chromosomes in Ba(OH)¿ solution (pH 13), followed 
by incubation in 2 SSC and subsequent staining with "Stains all ' produces a banding pattern 
which is comparable to that of the R and Τ systems However, some differences have been 
noted 
Ziusammenlwiiung Hitiebchandlung von menschlichen Chromosomen in Ba(OH) 2 Losung 
(pH 13), gefolgt von Inkubation in 2 SSC sowie Färbung mit "Stains all , ruft ein Bandmuater 
hervor, das mit dem des Τ und R Svstcins veigleichbar ist Es werden jedoch einige Unter 
schiede wahlgenommen 
Introduction 
R e i e n l l v , t h e use ol а low p H h a s b e e n s u g g e s t e d a s a p r e r e q u i s i t e for o b t a i n i n g 
R b a n d s in h e a t - t i e a t e d h u m a n c h r o m o s o m e s ( S e h e s t e d , 1974) S i m i l a r l y t h e 
Τ b a n d ( t e r m i n a l b a n d ) s y s t e m , w h i c h a p p a r e n t l y r e p r e s e n t s a c o n s t i t u a n t of t h e 
R s y s t e m ( D u t n l l a u x , 1973), h a s b e e n r e p o r t e d t o o c c u r a f t e r h e a t t r e a t m e n t 
a t a p H below n e u t r a l T h e s e r e s u l t s h a v e p r o m p t e d u s t o p r e s e n t a t e c h n i q u e 
b y w h i c h r e v e r s e b a n d s c a n be p r o d u c e d fol lowing h e a t t r e a t m e n t of c h r o m o s o m e s 
in a s t rong lv a l k a l i n e B a ( O H ) 2 s o l u t i o n 
Material and Method 
Chromosome preparations are obtained from peripheral blood cultures as described earlici 
(Scheres, 1972) Slides are incubated foi 40 min in a satuiated aqueous solution of barium 
hydroxide pH 13 2 at 00°C, rinsed in distilled water and subsequently placed in 2 SSC (0 3 M 
sodium chloride und (I 04 M tri sodium citrate, pH 7 2) for 1 hr at the same temperature 
After being washed in distilled water, preparations are stained for 2 nun in 10°
o
 Giemsa 
(Gurr s R b 6 ) in Sorcnsen buffer (1/1Л M K H 2 P 0 4 and 1/15 M N'a 2HPOj, pH b 8), or in a 
0 0 0 5 % solution of the tationic dye "Stains-all , = 'SA (4,5,4',5 Dibenzo 3,3' diethyl 9 
methyl thiacarbocvaninc bromide, SERVA) in 1 1 formamide water mixture (pH 8 5) 
Results 
W h e n t r e a t e d c h r o m o s o m e p r e p a r a t i o n s a r e s t a i n e d w i t h G i e m s a , s t a i n i n g of 
c e n t r a m e n e r e g i o n s (C b a n d i n g ) c a n be o b s e r v e d in a l m o s t all c h r o m o s o m e s b u t 
s o m e c h r o m o s o m e s show fa int b a n d s T h e l o c a l i z a t i o n of t h e s e b a n d s c o r r e s p o n d s 
t o t h a t of t h e R b a n d s H o w e v e r , w h e n u s i n g t h e SA i n s t e a d of t h e G i e m s a 
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staining procedure the faint bands become much more distinct. In addition to 
С banded cells a number of metaphases are found with a T-banded appearance 
(Fig. 1). Most cells show characteristics of both types of banding (Figs. 2 and 3). 
Fresh preparations mostly result in incomplete С banding and in many cells 
only the centromeric heterochromatine of chromosome 1 is strongly stained (Fig. 4). 
Cells with pronounced Τ banding are usually obtained if preparations older than 
2 weeks are .used. 
Results are similar when incubation in 2 SSC is omitted from the procedure, 
but in t h a t case the chromosomes exhibit a distorted appearance. Incubation in 
2 SSC without previous bariumhydroxide t reatment results in G banding after 
staining with Giemsa or SA. 
• i 1
 -ч · 
m 
^ · «·» « 
· ' . 
I 
V V 
Fig. 1. Metaphase after heat treatment and staining with "SA": Many chromosomes show 
heavy staining of telomeric regions 
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Fig. 2. Metaphase with reverse bands and 
distinct staining of centromeric regions 
(arrows) especially in chromosomes 1, 9, 
and 16. (Female carrier of a 4/15 trans­
location, see Hustinx, 1974) 
Fig. 3a—c. Pairs of chromosomes 1 after 
heat treatment and staining with SA: 
a From typically С banded cell; b from 
cell with both С and Τ characteristics and 
с from cell with pronounced Τ banding 
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Fig. 4. SA-staincd metaphase from a fresh preparation: Note the prominent staining of the 
paracentromeric heterochromatine in chromosomes 1 
Discussion 
Dutrillaux (1973) and Sehested (1974), both using incubation in sodium phos­
phate and staining with Giemsa, have found that Τ and R banding occur a t a 
pH below neutral. However, our results clearly show that reverse banding of 
human chromosomes can also be obtained by pretreatment with heat in strongly 
alkaline bariumhydroxide solution (pH 13). This leads to the conclusion t h a t the 
type of banding which will appear after a given heat pretreatment depends upon 
both the kind of salt and the pH used. This corresponds well to the observations 
recently reported by Eiberg (1973), who obtained reverse banding in human 
chromosomes by heat t reatment at pH's ranging from 5.2 to 8.6 in solutions of 
various organic and inorganic salts. 
Close analysis of the banding pat tern obtained with this technique reveals the 
following feature: In addition to terminal and reverse bands some chromosomes 
(especially chromosomes 1, 9, and 16) show staining of the paracentromeric hetero­
chromatine. Distinct centromeric staining in these chromosomes is absent in the 
R and Τ patterns as originally described by Dutrillaux and Lejeune (1971) and 
Dutrillaux (1973). Thus this banding pattern apparently constitutes a somewhat 
different system which makes visible both С banding and Τ banding characteristics, 
and therefore in our laboratory has tentatively been called the "CT technique". 
The mechanism which causes this banding remains obscure. I t is quite possible 
that the formamide w hich has been shown to cause denaturation of DNA in mam­
malian chromosomes (de la Chapelle, 1973) plays an important role in the pro­
duction of these bands. 
Further experiments to elucidate the factors which might influence this banding 
phenomenon—such as pH, temperature and duration of incubation, ions present, 
and concentration of formamide—are now being undertaken. 
47 
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CT Banding of Human Chromosomes 
D e s c r i p t i o n of t h e B a n d i n g T e c h n i q u e a n d S o m e of I t s M o d i f i c a t i o n s 
J . M. J . С S c h e r e s 
Department of Human Genetics, Division of Cytogenetics, Faculty of Medicine, 
Catholic University, Nijmegen, The Netherlands 
Received October 20, 1975 
Summary. A technique is described for staining centromeric areas and reverse, mainly 
telomeric bands in human chromosomes. With this "CT"' technique karyotyping of C-banded 
metaphases is possible without previous or subsequent use of other banding methods. The 
method consists of an alkaline prctreatment at 60° 0 with Ba(OH) 2, followed by salt incubation 
in 2 χ SSC at 60° С and staining with the cat ionic dye "Stains-all". Tn a series of experiments 
the influence of the variables in the procedure was studied, with the following main results: 
1) Ba(OH) 2 treatment alone and subsequent staining produces a distinct reverse banding 
pattern in which the secondary constriction of chromosome 9 is positive. 
2) The 2 χ SSC incubation in the CT procedure causes the Ba(OH)., induced reverse bands 
to become weaker; the centromeric regions, however, become very prominent. 
3) If the temperature of the 2 χ SSC treatment is raised to 85"C, the CT technique results 
in a specific staining of the short arm regions of some probably variant acrocentric chromo­
somes. The interphase nuclei of individuals possessing such acrocentrics usually show very 
distinct chromocentres after this t reatment; in the polymorphs these chromocentres are often 
situated along the nuclear membrane. 
The mechanisms which may form the basis of the staining results obtained, and the pos­
sible significance in human cytogenetics of the techniques described, are discussed briefly. 
I n t r o d u c t i o n 
Since t h e d e v e l o p m e n t of t h e fluorescent b a n d i n g t e c h n i q u e (Caspersson et al., 
1969) m a n y o t h e r m e t h o d s for dif ferential s t a i n i n g of h u m a n c h r o m o s o m e s h a v e 
b e e n descr ibed. T h e r e s u l t i n g b a n d i n g p a t t e r n s were d i v i d e d i n t o 4 m a i n g r o u p s 
b y a c o m m i t t e e of t h e I n t e r n a t i o n a l Conference o n S t a n d a r d i z a t i o n in H u m a n 
C y t o g e n e t i c s ( P a r i s Conference, 1971) : 
t h e Q b a n d s p r o d u c e d b y q u i n a c r i n c dyes , t h e G b a n d s o b t a i n e d w i t h G i e m s a 
s t a i n i n g af ter v a r i o u s p r e t r e a t m e n t s , t h e " r e v e r s e " or R b a n d s c a u s e d b y t h e 
a p p l i c a t i o n of D u t r i l l a u x a n d L e j e u n e ' s p r o c e d u r e (1971) g iv ing a p a t t e r n a l m o s t 
e x a c t l y t h e rec iproca l of t h e Q a n d G p a t t e r n s , a n d t h e С b a n d s revea led by 
P a r d u e a n d Gal l ' s (1970) in situ h y b r i d i z a t i o n p r o c e d u r e or i ts modi f ica t ions 
(Arrighi a n d H s u , 1971). 
I n h u m a n c h r o m o s o m e s С b a n d i n g t e c h n i q u e s s t a i n t h e p a r a c e n t r i c h e t e r o -
c h r o m a t i n s a n d t h e d i s ta l hal f t o t w o - t h i r d s of t h e Y long a r m . T h e r e m a i n i n g 
c h r o m o s o m a l regions a r c o n l y s l ight ly t i n t e d . C o n s e q u e n t l y k a r y o t y p i n g in 
С b a n d e d m e t a p h a s e s r e q u i r e s p r e v i o u s or s u b s e q u e n t Q, G or R b a n d i n g . R e c e n t l y 
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we developed a method by which additional areas, mainly telomeric bands, are 
stained and which enables us to identify С banded chromosomes. We termed it 
the CT technique (Scheres, 1974). I t is a modification of the С banding method 
of Sumner (1972) and consists of heat pretreatment of the chromosomes with 
Ba(OH) 2 solution followed by incubation in 2 χ SSC and staining with the 
cationic dye "'Stains-all" (4,5,4',5'-dibenzo-3,3'-diethyl-9-methyl-thiacarbo-
cyanine-bromide). Dahlberg el al. (1969) have used this dye as a sensitive stain 
for electrophoretically separated nucleic acids. They noted that RNA was stained 
purple, DNA blue and proteins red and named the dye therefore "Stains-all". 
I t appeared to be an excellent stain for CT banding (Schcres, 1974). I n this paper 
we present a complete description of the CT technique and report the results 
of studies carried out to determine the influence of a number of variables in 
the procedure. During the investigations a new, simple technique was also found 
for obtaining distinct R bands as well as a method for specifically staining the 
short arms of a number of acrocentric chromosomes in metaphase and interphase 
nuclei of some individuals. 
Materials and Methods 
Human venous lymphocytes were cultured according to α modified Moorhead el al. method 
(19G0). Colchicine, in a final concentration of 0.1 μκ/ηιΙ medium, was added 3 hrs before 
harvesting. The cells were then subjected to hypotonic treatment with 0.075 M KCl for 
10 min at 37°C and fixed with several changes of 3:1 methyl alcohol-acetic acid. Chromosome 
preparations were made by dropping small quantities of the final suspension onto clean, 
grease-free slides moistened with distilled water. After 5—10 sec spreading, the excess water 
was removed and the preparations were dried by waving the slides vigorously through a warm 
air stream produced with the aid of a small flame. Care was taken to prevent overheating of' 
the preparations or ignition of the chromosome suspensions. 
The following solutions were used in the experiments: 
a saturated, aqueous solution of Ba(OH)2 (pH — 13) for alkaline treatment of the chromo­
somes at différent temperatures; 
2 χ SSC (0.3 M sodium chloride and 0.03 M trisodium citrate. pH 7.2) for salt incubation 
at different temperatures. 
Staining of chromosomes was performed for IO min with a 10% solution of Oiemsa (Gurr's 
Improved R'66) in Sorensen buffer (1/15MKH2P04 and 1/15 MNa 2HPO„pH 6.8), or with 
a 0.005% solution of "Stains-all"' (4,5,4',5'-dibenzo-3,3'-dicthyl-9-methyl-thiacarbocyimine-
bromide, Serva) in a 1:1 1'ormamide-water mixture (pH 8.2). 
Results 
I n the initial experiments Ba(OH) 2-pretreated (40 min at 60°C) and sub­
sequently 2 χ SSC-incubatcd (40 min at 60°C) preparations were stained with 
Giemsa, resulting in С banding of the metaphase chromosomes. Substituting 
"Stains-all" for Giemsa in the procedure, however, gave distinct non-centromerie 
bands in addition to the well stained paracentric heterochromatins (Fig. 1). 
Closer investigation revealed these bands to belong to the reverse banding system. 
The telomeric regions of most chromosomes were particularly well stained. The 
banding pattern obtained was sufficiently defined to permit the identification 
of all chromosomes. Fig. 2 is an example of a typical CT karyogram. Of the 
С bands the centromeric heterochromatins of chromosomes 1, 3, 5, 6, 7, 9, Iß and 
\ 
4 "; ' 
ν l 
Fig. 1. CT-banded human motaphase (case MJ 150974 MR) treated with Ba(OH) 2 at 60°C, 
2 χ SSC at 60°C, and "Stains-all"; note the prominent staining of both centromeric and 
telomerie regions 
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Fig. 2. Karyogram of the CT-banded metaphase of Fig. 1 (case MJ 150974 MR) 
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Fig. .'?. Interphase nuclei of'lymphocytes stained with the CT banding method; the chromo-
centres are clearly visible (case WB 630703) 
18, as well as the distal part of chromosome Y, are the most clearly stained 
regions. The most conspicuous non-centromeric bands are the telomeres of the 
chromosome arms lp , 4p, 5q, 7p, 8q, 9q, l i p , 12q, 14q and 21q in addition to 
a number of interstitial bands of the chromosome arms lp, 3p, 5q, 6p, 7q, l l q , 
12q and 20q. Chromosomes 16 and 17 and, above all, chromosomes 19 and 22 
are almost entirely and deeply stained. With the exception of the С bands these 
characteristics are therefore very similar to those of the Τ banding pattern 
(Dutrillaux, 1973). In the interphase nuclei of the preparations examined, a 
variable number of chromocentres of different sizes becomes visible with the 
CT banding method (Fig. 3). 
With the CT staining method both С and Τ bands can therefore be examined 
simultaneously. I n some metaphases of a preparation the С band characteristics 
predominate, in others the Τ bands are more pronounced. Because of these 
inconsistent results, and also to determine the effect of a number of variables, a 
series of experiments was carried out. The test results of the influence of Ba(()H) 2 
and 2 χ SSC treatment alone or in combination are listed in Table 1. From our 
series of experiments it can be concluded that , for the staining of centromeric 
as well as telomeric and interstitial bands (CT banding), both pretreatment with 
Ba(OH) 2 and 2 χ SSC are necessary. I t has become obvious that Ba(OH) 2 treat­
ment alone produces telomeric and other reverse bands but no centromeric bands 
(Fig. 4). For the production of the latter, subsequent incubation in 2 χ SSC is 
required. The reverse banding pattern obtained after Ba(OH) 2 t reatment differs 
only in one respect from the R banding pattern described by Dutrillaux and 
Lejeune (1971) viz. t h a t the hetcrochromatin in the secondary constriction of 
chromosome 9, negative in the original R banding, becomes stained (Fig. 5). 
From the results listed in Table 1 it can also be concluded that "Stains-all" 
produces very distinct R and CT hands while Giemsa is more suitable for G and 
С banding. 
I n the following experiments the optimal conditions for obtaining CT and 
reverse banding patterns were determined. 
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Table 1. Effects of Ba(OH)2- and 2 χ SSC treatments on human chromosomes 
Pretreatment 
Ba(OH) 2 2 χ SSC 
60°С 60°С 
pH 13 pH 7.2 
Treatment sequence 
+ 
+ 
+ + 
+ + 
+ 
+ 
: 
2 
pH 
+ 
+ 
SSC 
с 
7.2 
Staining 
"Stains-all" 
+ 
+ 
-
:
-
1 
+ 
( Hem sa 
•f 
+ 
+ 
Banding type 
R + 9 a 
Weak R + 9 
CT 
С 
Weak G 
G 
ι: 
Some acro­
centrics 
a R + 9 = Reverse banding pattern in which the paracentric heterochromatin of chromo­
some Xo. 9 is positive. 
« ^ · * * 
». 
4 * 
"4 * i, 1 » 
*1 
>"J >· ι « 
Fig. 4. Human metaphase (case LT 581 111) treated with Ba(OH)2 at 60°C and stained with 
"Stains-all", resulting in a distinct reverse banding pattern 
а) Ва(ОН)
г
 Incubation. Using a saturated Ba(OH) 2 solution (pH i 13) at 
60°С the optimal incubation period was 10 min. Shorter times did not produce 
enough differential staining ; longer periods were harmful to the chromosomes. 
Incubation at a temperature of 85° С for 30—60 sec caused so much damage that 
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Fig. 5. Karyogram of the reverse banded metaphase shown in Fig. 4 (ease LT 581 111). Note 
the positive staining of the heterochromatin in the secondary constriction of chromosomes No. 9 
only telomeric band remnants could be seen. At temperatures below 40° C, or 
at pH below 12, unsuitably long incubation periods were required to obtain 
banding. 
b) 2 χ SSC Incubation. The most important results of our experiments to test 
the influence of the 2 χ SSC incubation were : 
without previous bariumhydroxide treatment, incubation of the preparations 
in 2 χ SSC for 1 hr at 60°С and pH between 4 and 9 produced G banding; at a 
temperature of 85°С a R banding pattern was obtained; 
after previous Ba(OH) 2 treatment, incubation in 2 χ SSC at 60°С and pH 
between 4 and 9 yielded the CT banding pattern. The incubation period in 
2 X SSC at 60°С optimal for CT banding was about 30 min. Shorter periods gave 
less pronounced С bands while after longer incubation the reverse and telomeric 
bands induced by the Ba(OH) 2 t reatment became fainter and only the centromeric 
heterochromatins remained clearly visible. The influence of the temperature of 
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6 7 
Fig. 6. Specific staining (barium hydroxide at 60°C, 2 χ SSC at 85°C, "Stains-all") of the 
short arm regions of 2 acrocentric chromosomes; the individual (case ZT 750808) has a 
chromosome 13 and a chromosome 21 of the probably variant types described in the text 
Fig. 7. Specific staining of 2 chromocentres in lymphocytic interphase nuclei of the individual 
mentioned in Fig. 6 (case ZT 750808) 
the 2 X SSC incubation on the chromosomes can be summarized as follows : a t 
temperatures below 60° С the staining of С bands diminished progressively and 
under 40°С only the Ba(OH) 2 induced reverse banding pattern remained. Raising 
the incubation temperature to 70° С intensified the С band formation process but 
the reverse bands became less distinct. At temperatures above 85° С the ability 
of the entire chromosome to become stained decreased rapidly and a banding 
pattern was no longer visible. 
In the metaphases of a number of individuals the treatment with Ba(OH) 2 
at 60°С and 2 χ SSC at 85°С resulted in a specific, very pronounced staining 
of the short arm areas of some acrocentric chromosomes (Fig. 6). Examination 
with other banding techniques established the chromatin of these short arm areas 
to be Q and G negative but R, Τ and С positive. In similarly treated interphase 
nuclei of these individuals, strongly stained chromocentres were seen in a number 
equal to that of the variable areas observed in the metaphases (Fig. 7). We 
therefore assume these chromocentres to represent these areas in the interphase 
of the cell cycle. I t was noticed that in the polymorphs these heterochromatic 
bodies were usually situated along the nuclear membrane and t h a t in some cells 
they seemed to form a nodule (Fig. 8). 
c) Preparation of Chromosomes. The fixation time, the methods of preparing 
the slides and their age appeared to be of importance to the quality of the banding 
Ш 
* * · • * 
m * 
I 
V 
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Fig. 8. Specific staining of short arm regions and chromocentres in metaphase and interphase 
nuclei of the individual mentioned in Figs. 6 and 7 (case ZT 750808). Note that one of the 
chromocentres in the polymorph is represented as a nodule (arrow) on its nuclear membrane 
» » 
Fig. 9. Freshly prepared chromosome spread (ease LT 581111) treated with Ba(OH)., at 
60°C and stained with "Stains-all ' . Most chromosomes show "vacuoles' ' which in homolo­
gous chromosomes often occur at similar sites (see e.g. chromosomes Xo. 2 indicated by arrows) 
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pattern obtained. Slides from suspensions in fixative for more than 1 month, 
ignition dried chromosome spreads, or preparations older than 2 weeks, proved 
unsuitable as they usually gave only weak С banding after CT treatment and 
the chromosomes were only faintly stained. Freshly prepared chromosomes proved 
too sensitive to alkaline heat treatment and to distend strongly. The swelling 
was perhaps also the cause of the "vacuoles" particularly seen in R negative 
regions. In homologous chromosomes they often occurred at homologous sites 
(Fig. 9). 
The best results were obtained using 2- to 3-day-old slides prepared from 
fresh cell suspensions as described in "Materials and Methods". For t h a t reason 
these have been used in our series of experiments. 
Routine, Methods 
Based on the experiments described the following new staining techniques 
are now routinely used in our laboratory: 
a) Reverse Banding 
1. Place slides in saturated Ba(()H) 2 solution at 60°C for 10 min. 
2. Rinse in running distilled water. 
3. Remaining B a C 0 3 crystals may be removed by gently rinsing in water of 
p H 4—5. 
4. Stain with "Stains-all" for 10 min. 
5. Rinse and dry. 
b) CT Banding 
1 and 2: as for a). 
3. Incubate in 2 χ SSC, pH 7.2 at 60°С for 30 min. 
4. Rinse in running distilled water. 
5. Stain with "Stains-all" for 10 min. 
6. Rinse and dry. 
c) Specific Staining of the Short Arms of Some Acrocentrics 
1 and 2 : as for CT banding. 
3. Incubate in 2 χ SSC, pH 7.2 at 85°C for 2 min. 
4, 5 and 6 : as for CT banding. 
Multiple Techniques 
The "reverse" and CT handing methods described can also be carried out 
after Q band analysis of the chromosomes. However, UV light has an adverse 
effect : the cells previously studied with fluorescence microscopy usually have 
a diminished clarity of banding pattern as compared with adjacent, unexposed 
metaphascs. CT banding can also be applied to metaphases already studied after 
staining with a trypsin-Giemsa method (Fig. 10a and b). Chromosomes treated 
with trypsin, however, are very sensitive to the action of Ba(OH) 2 and 2 X SSC 
and require short incubation periods. 
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Fig. 10а and b. Dual G and CT banding of human chromosomes (case LV 660411). (a) Meta-
phase stained with a trypsin-Giemsa banding method (Scheres, 1972). (b) The same cell after 
subsequent CT treatment. Notice the strong staining of most centromeric regions and the 
presence of faint reverse bands in some G-negative areas (arrows) 
Discussion 
I t is an important feature of the CT banding pattern described that, in addition 
to centromeric heterochromatins, most telomeric and some interstitial bands 
belonging to the "reverse" system are stained, permitting the identification of 
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all chromosomes. If other С banding methods are employed karyotyping becomes 
possible only after using a second banding technique. The simple new procedure 
has now been applied routinely for some time in our laboratory to study С bands 
and their variations in normal and abnormal human chromosomes (Rutten et al., 
1974: Hustinx et al., 1975). 
The process causing the CT banding pattern involves: 1) the production by 
an alkaline treatment ("denaturat ion") of a reverse banding pattern in which, 
after staining, the ccntrorneric regions arc negative, 2) the subsequent salt 
incubation ("renaturation") which makes the centromeric regions heavily stainable : 
the Ba(OH)2-induced reverse bands become weaker and only their most resistent 
areas, the telomeres, remain visible. 
Compared to the large number of G banding techniques published R banding 
methods have remained surprisingly few (see for review: Dutrillaux, 1975: Verma 
and Lubs, 1975). The reverse banding pattern obtained after alkaline heat 
treatment and the use of "Stains-all", is very distinct and intensely stained. 
For human chromosomes we prefer the use of the reverse banding technique 
developed in our laboratory to the R banding method with Giemsa stain (Dutril­
laux and Lcjeune, 1971) because in our experience it proved difficult to obtain 
adequate staining intensities with the latter technique. 
The physicochemieal basis for R hand formation remains uncertain. In most 
procedures the chromosomes are strongly denaturated to obtain well differentiated 
R bands. With regard to this the observations of Bobrow and Madan (1973) and 
of De la Chapelle et al. (1973) are of interest. They noticed that the R and Τ 
bands contain chromatins which—probably as a result of a specific base com­
position of the DNA or of the presence of special chromosomal proteins—are 
less susceptible to thermal and alkaline denaturation than the chromatins in the 
interband regions. This agrees with our experience that the telomeres are the 
areas most resistant to Ba(OH) 2 t reatment. Another recently suggested factor, 
which may play a role in differential chromosome staining, is that the banding 
pretreatments might produce such a change in the nucleoprotein complex that 
the proteins cover the DNA more effectively in the interbands. This would prevent 
the dye molecules from reaching the DNA phosphates, leaving the interbands 
unstained (Comings and Avelino, 1975). 
An important difference between our reverse banding technique and those 
described by others is the use of barium hydroxide for alkaline denaturation 
instead of the more usual sodium hydroxide. Substituting NaOH (pH 13) for 
Ba(OH) 2 in our reverse or CT banding procedures causes the chromosomal material 
to disappear \vithin seconds (Scheres, unpublished results). The use of Ba(()H) 2 
might also be the cause of the positive staining of the heterochromatin in the 
secondary constriction of chromosome 9. In contrast, this region does not stain 
in the R banding patterns obtained with other methods (Dutrillaux, 1975). As 
Gosden et al. (1975), and Jones et al. (1973) proved with the aid oí in situ hybridiza-
tion techniques, the heterochromatin in this region contains the highest concentra-
tion of satellite DNAs in the human chromosome complement. The presence of 
these highly repetitive satellite DNAs, or of special chromosomal proteins 
associated with them, might influence the stability and staining behaviour of 
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this region. I t has also been observed that one of the satellite DXAs present in 
the chromosome 9q heteroehromatin is rich in GC base pairs and has an increased 
resistance to thermal denaturation (Saunders et al., 1972). 
In 1970 Pardue and Gall studied the in sita hybridization of complementary 
RNA to fixed murine metaphase chromosomes. They used 2 X SSC as an environ­
ment favourable to reassociation of the nucleic acids. During these studies they 
observed the first С banding pattern. 2 χ SSC has since been widely used in other 
banding techniques. Depending on the conditions used in our experiments a heat 
treatment with 2 χ SSC results in (Table 1 ) : 1 ) a G banding pattern, 2) a R banding 
pattern, 3) a CT banding pattern and 4) specific staining of the short arm hetero­
ehromatin in certain acrocentric chromosomes. 
Results 1 and 2 might have been expected as the pretreatments used are very 
similar to the ASG technique of Sumner et al. (1971) for G banding and the con­
trolled thermal denaturation method of Dutrillaux and Lcjeune (1971) for 
R banding. A 2 X SSC incubation after alkaline pretreatments (results 3 and 4) 
has a rather strong effect on the chromosomes. We did not carry out studies 
to determine whether any loss of chromosomal material occurred during the 
various treatments. An analysis with the aid of phase and interference contrast 
microscopy (Scheres, unpublished results), as well as a visual comparison between 
staining intensities, showed that Ba(OH) 2 incubation causes slight, but subsequent 
2 X SSC treatment considerable, loss of chromosomal material. This is in agreement 
with the Comings et al. (1973) results obtained in biochemical and densitometries 
studies that, using а С banding method comparable to our CT technique, about 
6 0 % of the total DNA and a certain amount of the proteins were extracted from 
the chromosomes. The DXA loss was much larger in the cuciiromatic than in the 
heterochromatic areas. Similar results were obtained by Pathak and Arrighi (1973) 
and very recently by Schmiady et al. (1975) in autoradiographic experiments on 
C-banded chromosomes. Schmiady et al. (1975) noticed that the BSG (barium 
hydroxide/salinc/Giemsa) method (Sumner, 1972) for staining of constitutive 
heteroehromatin—a procedure very similar to the CT technique— also removes a 
larger quantity of DXA from the chromosome arms than from the centromeric 
heterochromatins. The theory that this selective loss of DXA plays an important 
role in the production of С banding patterns is further supported by the electron 
microscopic studies of Ross and Gormley (1973) and Burkhokler (1975). 
In addition to the discovery of two new techniques useful in human cyto­
genetics (viz. the CT and the new reverse banding techniques), the finding of a 
method for staining the short arms of some acrocentric chromosomes specifically 
is also an interesting result of our experiments. The underlying mechanism 
of this selective staining process is not yet known. I t has been shown, however, 
t h a t the short arms of the human acrocentric chromosomes contain the genes 
coding for ribosomal RXA (Henderson et al., 1972: Evans et al., 1974). The DNA 
of these cistrons is very rich in GC base pairs (Sinclair and Brown, 1971: Arnaldi 
and Attardi, 1968) and therefore perhaps more resistant to the denaturating 
effect of the barium hydroxide treatment at 60°С and subsequent 2 χ SSC 
incubation at 85°C. Possibly the short arm regions, specifically stained with our 
method, contain an extra large amount of this GC-rich DXA. It is also possible 
that a special type of heteroehromatin occurring in the short arms of these 
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probably variant acrocentrics is responsible for the selective staining. On the 
other hand, specific chromosomal proteins might influence the denaturation 
resistance and staining behaviour of these regions. In this respect it is of interest 
to mention the findings of Matsui and Sasaki (1973), who developed a technique 
for specifically staining the short arms of all 10 human acrocentric chromosomes 
(N banding). From their results they concluded t h a t certain structural non­
histone proteins linked to the nucleolus organizer regions (NOR) in the short 
arms of these chromosomes were responsible for the selective staining (Matsui, 
1974; Funaki et al., 1975). 
The acrocentrics specifically stained by our method resemble the variant 15p + 
described by Yoder et al. (1974). Our discovery was made during the examination 
of an individual possessing 2 of these acrocentrics viz. a chromosome No. 13 and 
a chromosome No. 21. Two strongly stained chromocentres were visible in many 
interphase nuclei. I n the nuclei of the polymorphs, which were slightly swollen 
as a result of hypotonic treatment, these chromocentres were usually attached 
to the membrane, sometimes seemingly on its outside. A peripheral position of 
other heterochromatic bodies in polymorphs has been demonstrated by Atkin 
and Baker (1974) using the BSG technique. The chromocentres seem to have this 
feature in common with the X and Y chromatins which are known to occur 
in these cells in the form of "drumst icks" (Davidson and Smith, 1954; Lamborot-
Manzur et al., 1971). I t is likely that the minuscule nuclear appendages and 
''small clubs" sometimes seen in the polymorphs of both males and females 
(Davidson and Smith, 1961) contain these and possibly other heterochromatins. 
The detection of specific areas in the interphase has previously been possible 
only for X chromatin (Moore and Barr, 1954), fluorescent Y chromatin (Pearson 
et al., 1970) and heterochromatin in the secondary constrictions of chromosomes 
No. 1 (CsCl denaturation technique of Geraedts and Pearson, 1973) and 
9 (Giemsa-11 technique of Bobrow et al. (1972) and of Gagne and Laberge (1972)). 
Our new method for staining the short arms of certain acrocentrics makes an 
additional technique available for demonstrating very specific human chromosome 
regions in interphase nuclei. We intend to investigate the applicability of this 
method to interphase nuclei of other tissues. This might contribute to the knowl­
edge of the structure, position and behaviour of the short arms of the various 
human acrocentrics in somatic and meiotic cells. 
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R- AND CT-BANDING OF HUMAN CHROMOSOMES WITH BASIC FUCHSIN 
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The Netherlands. 
Summary. A method is described for the staining of distinct R- and CT-banding 
patterns in human chromosomes with the aid of the triphenylmethane dye basic 
fuchsin. The results obtained illustrate the applicability of this dye in 
diagnostic as well as in more fundamental cytogenetic studies 
Introduction 
A considerable number of laboratory procedures exists for the production 
of the various banding patterns in human chromosomes. They can be divided in­
to those using fluorochromes and those in which non-fluorescent dyes are ap­
plied. With a few exceptions (e.g., Stahl and Vagner-Capodano, 1974; Scheres, 
1974; Scheres and Merkx, 1976) in the latter methods so-called Romanowsky 
dyes such as Giemsa's, Leishman's, Wright's, and May-Grunwald's are used for 
the production of G-, R- and other bands. A number of non-Romanowsky dyes we­
re recently examined in our laboratory for their ability to produce chromoso­
mal bands With some triphenylmethanes, in particular with basic fuchsin (BF), 
excellent G-banding patt' rns were obtained. The BF banding pattern appeared 
even more informative as a number of chromosomal variants could be distinguish­
ed which normally can not be recognized in the G-banding pattern produced with 
Giemsa (Scheres and Merkx, 1976). Because of the good results obtained with 
basic fuchsin in G-band formation we decided to investigate its possible value 
in the production of other banding patterns. The present paper describes the 
results obtained if BF is used for the staining of R- and CT-bands in human 
chromosomes. 
Materials and Methods 
Chromosome spreads were prepared from cultured human peripheral lympho-
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cytes using a previously described method (Scheres, 1976). To produce an El-
banding pattern the preparations were pretreated with a saturated solution 
of Ba(OH) (pH +_ 13.0; 10 min; 60 С) and rinsed with deionized water. Stain­
ing was carried out for 3 min using a 0.1% solution of basic fuchsin (UCB 
Bruxelles) in a 1:1:1 mixture of 0.1N NaOH:formamide:water, adjusted to a 
pH of 10.5 with the aid of IN HCl, Previously this BF solution had shown to 
be very suitable for the formation of G-bands (Scheres and Merkx, 1976). 
For the production of CT-bands the chromosomes were pretreated with Ba(0H) 
as described above, subsequently incubated for 30 min at 60 С in 2xSSC (= 
0.3M sodium chloride and 0.03M tri-sodium citrate, pH 7.2) and than stain­
ed with the basic fuchsin solution. 
Results and Discussion 
Figure 1 shows a metaphase pretreated with Ba(0H) and stained with BF. 
Very distinct "reverse" bands are visible, permitting homologue identifica­
tion and recognition of chromosomal aberrations. Figure 2 gives an example 
of a structural rearrangement in a metaphase stained with this Ba(0H) -basic 
fuchsin technique. 
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Fig. 1. Human metaphase stained with basic fuchsin after pretreatment 
with Ba(0H) : distinct R-bands can be seen. 
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Fig'. 2. Metaphase of an individual having 
a translocation between a chromosome No.2 
and No.10 (arrows); Ba(OH) -BF technique. 
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Fig. 'i. Pair of chromosomes 
No.9 from a metaphase treat­
ed with Ba(OH) and stained 
with BF: the heterochromatin 
in the secondary constriction 
(arrow) stains positive. 
The characteristics of the R-banding pattern produced with basic fuchsin 
are very similar to those obtained with the cationic dye "Stains-all" after 
previous treatment of the chromosomes with Ba(OH) (Scheres, 1976). The hete­
rochromatin in the secondary constriction of chromosome No. 9 is well stained 
with basic fuchsin (Fig.3) as was also observed after the use of "Stains-all" 
(Scheres, 1976). In contrast to this, the 9q heterochromatin remains negative 
in the R-banding pattern obtained with the "controlled heat denaturation tech­
nique" of Dutrillaux and Lejeune (1971). 
Basic fuchsin can also be used successfully for the production of a so-
called CT-banding pattern in which both centromeric as well as reverse and 
telomeric bands are simultaneously visible. Figure 4 gives an example of a 
metaphase pretreated as in the CT-banding technique and stained with basic 
fuchsin. 
As far as we know basic fuchsin is the 4th non-fluorescent dye which can 
be used for R-banding. The other dyes are Giemsa (Dutrillaux and Lejeune, 
1971), pseudo-isocyanine which is also a fluorochrome (Vagner-Capodano et al., 
1976), and "Stains-all" (Scheres, 1976). For the production of R-bands with 
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Fig.4. Metaphase pretreated as in the CT-banding technique and stained 
with basic fuchsin. 
the BF technique described in the present paper, the chromosomes are treated 
with strong alkali-- i.e. Ba(OH) -- before staining with basic fuchsin. It is 
interesting to note that after Ba(OH) - treatment a similar R-banding pattern 
can be obtained if instead of BF the chemically unrelated dyes Giemsa or 
"Stains-all" are used (Kanda, 1976; Scheres, 1976). This might indicate that 
the dyes used in this R-banding method play only an unspecific role and that 
the banding pattern which appears after staining, merely reflects the chro­
matin distribution induced by the Ba(OH) -pretreatment. This theory is sup­
ported by the recent observation that a distinct R-banding pattern can al­
ready be seen in Ba(OH) - treated but unstained chromosomes when studied by 
Nomarski interference contrast optics (Scheres, manuscript in preparation). 
In a previous paper we reported that basic fuchsin is an excellent 
stain foi G-bands and that it can be used for the recognition of certain C-
and Q-band polymorphisms (Scheres and Merkx, 1976). As demonstrated in the 
present article basic fuchsin is also very suitable for producing R- and CT-
banding patterns and may therefore be used in clinical cytogenetics. The 
stain may also be of importance in more fundamental studies of the mechanism 
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of G- and R-band formation. One of the reasons for its possible role in this 
type of research are its fluorescent properties which may be advantageous in, 
e.g., quantitative microscopic studies of the chromosomal banding patterns. 
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Summitry This paper dtinbes α study of the role of rei tain cations in the alkaline pre 
tient men I sit ρ used in the CT ttt hinque for thromosome band formation Treatment of human 
chiomosomes with ammonium basts or with the hydroxides of the monovalent alkali metals 
\a, K, or Li lesulted in then rapid disintegration, unless "very short treatment periods or 
diluted solutions vveie used In the latter (ases a subsequent staining produced a weak G 
banding pattern The chiomosomes appeared to be ninth It ss stnsitiv e to treatment with the 
hydroxides of the divalent alkaline eaith metals Bn, Si, Ca, and Mg Staining after exposure 
to these hvdroxides ν lelded R banding patterns The red ut ed alkali stnsitivity of the thromo 
somts and the rtverse bantling pattern formation obseived aie probably the lesult of a thro-
iiMtin stabilization by the tin aient tations of the alkaline eaith metals It is piopostd that 
not only in the R band loimation with the hydroxides ol the alkaline earth metals but also in 
that obtained bj othti ttt hinques, thiomosonie stabilization plays an important role 
Introduction 
С banding techniques usually stain only the constitutive heteioi Inomatins of 
human thioinoscmies and do not allow the leeognition of all chromosomes Re­
cently a new С banding method was descnhed (Stheies, 1974) which provided 
a means lo iclcntily the human chiomosomes by staining the cent romene hételo 
с Inomatins as well as the bands belonging to the R ("reveiso") system I n paiti-
tulai , most telóme nc legions weie stained deeply For these reasons the banding 
method was named the CT technique The pioceduie consists of a pretreatment 
of the chiomosome.s with a stiong alkali, v u a satuiated Ba(OH)2 solution, 
followed b> then incubation in 2 χ SSC and stunting w ith Stains al l" The reason 
loi using tins dye was that it stains the telomenc bands moie stiongly than Aoe-* 
Giemsd's solution (Scheie's, 1<)74) \ studv ol the various steps employed in the 
( T tec hinque showed that the Ba(OH) 2 t ieatment induced a veiv distinct R-
banding pattern (Se lit te s l')7(i) This was an unexpected result as an alkaline 
t i c a t m i n t with VaOH m KOH followed bv Giemsa staining usually pioduces 
the leeipiocal patte in u (ί bunding (Si lineili, 1071 Diets and Shaw , l l)7l Bcigei, 
1ί)72, Η)75) It seems theiefoie that the divalent cations piesint in the alkaline 
pietieatmc nt coiuiibule | o the band foiination with the CT technique Thus it 
was consult led that a fuithei studv of the iole of cations m the CI' banding 
piocess might lead to a lat te i undeistancling of the mechanism which undeihos 
this diffeiential staining phenomenon 
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This aiticle i tpo i t s the most significant icsults from a scries of expeiiments 
in which the iole ol cations in the first step ol the CT-staining procedine (the 
alkaline t ieatment of ( hromosome) was studied 
Materials and Methods 
Chromosome чрісасіч were picpaied from lultincd pcnpheial Ijmphocjtcs using a pre 
\ louslj dcsuibcd method (Sdieus, 1970) After the various pretieatments employed in the 
experiments, the (hromosome? »ere stained for 4 min in u 0 005°,, solution of Stains all 
(4,öf4',")', diben/o 'Í, 1' dietli\ 1 Ü nicthvl thiacaibotvaninc biomide,Serva) ina 1 1 formamide-
vvalcrmixture 
HesuKs 
To determine to what extent the cations pi osent may influence the result of 
alkaline treatment of < hiomosomos, preparations were nuubated a t 60°C in solu-
tions ol various bases The solutions used contained either one of the hydroxides 
of the monovalent alkali metals sodium, potassium, and lithium, of the divalent 
alkaline eaith metals baiium, strontium, (alcium, and magnesium, oi of ammo-
nium, te t iamethj lammonium, oi te t raethj lammonium Table 1 lists the results 
ol this series of expeiiments Both the ammonium bases and the hydroxides of the 
monovalent alkali metals appealed to have a strong disintegrating effect on the 
chromosomes In most expeiiments no stainablc matenal was left after a t reatment 
penod of 10s at pH 13 If e\en shorter times or diluted solutions were used, a faint 
Table 1 
The iffect of valions hjdioxides on human chromosomes (incubation temperature G0°C) 
Reagent 
Monovalent cati 
NaOH 
KOH 
LiOH 
NH.OH 
N(CH.,)4OH 
N(C2H5)4OH 
NaOH 
KOH 
LiOH 
Ν Η , Ο Η 
N(CH
a
) 4 OH 
N ( C 2 H 5 ) 4 O H 
Divalent cations 
Ba(OH) 2 
Ba(OH) 2 
Sr(OH) 2 
Ca(OH) 2 
Mg(OH)2 
pH 
ions 
13 0 
13 0 
11 7 
12 0 
128 
129 
11 9 
11 2 
11 7 
11 9 
12 Я 
12 9 
ì 
13 1 
13 1 
127 
125 
9 9 
Incubation 
time 
10 8 
10 s 
10 s 
10s 
10 s 
10 s 
1 s 
2 ч 
1 s 
2 s 
1 8 
1 s 
10 min 
00 min 
10 min 
20 min 
60 min 
Result after staining 
complete disintegration 
ю т р і е і е disintegration 
'omplete disintegration 
complete disintegration 
complete disintegration 
complete disintegration 
weak G banding 
weak G handing 
weak G banding 
weak G banding 
weak G banding 
weak G banding 
R banding 
R banding 
R banding 
R banding 
weak R banding 
7 1 
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Fig. 1. Human metaphase chromosomes treated with NH4OH (öO°C, 2 s, pH 11.9) before 
staining ; notice presence of G bands 
G-banding pat tern became visible after staining (Fig. 1). The result of a treatment 
with one of the hydroxides of the divalent alkaline earth metals was entirely 
different. These caused much less damage to the chromosomal structure than the 
bases of the previous group. Even after a 1-h incubation period strongly stainable 
chromosomal areas remained. In addition, all of them produced similar R-banding 
patterns (Fig. 2). The characteristics of the pat tern obtained with one of these 
hydroxides, viz. Ba(()H)2, have been previously described in detail (Scheres, 
1976). I t was also noticed tha t the R-band producing ability of these bases 
corresponded with their base strength: Ba(OH)2 was the most effective, followed 
by Sr(OH)2, Ca(OH)2, and Mg(OH)2. 
An effort was made to determine whether the induction of R-bands by hydrox-
ides of divalent alkaline earth metals was based on the presence of divalent 
cations or on the absence of monovalent cations. A number of experiments was 
performed with various solutions containing not only a monovalent alkali metal 
hydroxide or an ammonium base but also a divalent alkaline earth metal cation 
and vice versa (Table 2). These experiments showed tha t the monovalent cations 
apparently did not alter the result of chromosome treatment with alkaline earth 
metal hydroxides. In contrast, divalent cations appeared to cause a remarkable 
change in the effect of the ammonium bases and the monovalent alkali metal 
hydroxides. The strong destructive effect of the latter disappeared after the 
addition of divalent cations and a distinct R-banding with the characteristics of 
the Ba(OH).2-induced pattern was obtained instead of the weak G-banding nor-
mally produced by the ammonium bases or the alkali metal hydroxides (Fig. 3). 
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Fig. 2. Human metaphase chromosomes treated with Ba(OH)2 (6ü°C, 10 min, pH 13.1) before 
staining; a pronounced R-banding pattern has been produced 
Table 2. The effect of mono- and divalent cations on the reaction of human chromosomes 
to treatment with various hydroxides a t 60°С 
Reagent 
hydroxide* 
NaOH 
NaOH 
XaOH 
K O H 
N(CH,) 4 OH 
N(CH,).OH 
N ( C 2 H 5 ) 4 O H 
N ( C 2 H s ) 4 O H 
Ba(OH) 2 
Ba(OH) 2 
Sr(OH) 2 
cation 
a d d e d b 
Na' 
Ba++ 
Ca++ 
Ba+ + 
Na+ 
Ba++ 
Na+ 
Ba++ 
Na+ 
Ba++ 
Na+ 
Test 
pH 
12.2 
и.e 
11.7 
11.6 
12.5 
12.5 
12.5 
12.7 
12.8 
12.7 
12.4 
conditions 
incubation 
time 
1 s 
10 min 
10 min 
5 min 
1 s 
10 min 
1 .s 
10 min 
10 min 
10 min 
5 min 
Results 
after 
staining 
G banding 
R banding 
R banding 
R banding 
G banding 
R banding 
G banding 
R banding 
R banding 
R banding 
R banding 
a
 The high pH solutions mentioned in Table 1 were used. 
ь
 Cations were added as 0.1M solutions of the chlorides; in some solutions precipitation 
occurred, resulting in a gradual decrease of pH. 
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Fig. 3. Metaphase treated with solution of X(C2H5)4OH to which Ba1 v ions had been added; 
no G. but distinct R bands can be seen 
Discussion 
The results obtained illustrate clearly t h a t the cations studied in these experi­
ments strongly influence the effect of alkaline heat t reatment of chromosomes. 
If only monovalent cations are present the chromatin is extremely alkali-sensitive 
and a rapid disintegration occurs unless the exposure times are very short or 
diluted solutions are used. In the latter cases a weak G-banding pattern is pro­
duced. However, if divalent cations are present during alkaline heat treatment 
(as is the case in the CT technique) the opposite pattern (R-banding) is obtained 
and the chromosomes become markedly resistant to alkali. Although incubation 
at 60°C with, e.g., NaOH of pH 13 resulted in a rapid and complete loss of chro­
matin, the chromosomes were able to withstand a similar t reatment with Ba(OH) 2 
over 1 h. Divalent cations have thus a strong stabilizing influence on the chro­
mosomes. Previously, a- similar effect of divalent cations on isolated, unfixed 
chromosomes has been described by, amongst others, Chorazy et al. (1963) and 
Maio and Schildkraut (11)67). Recently McKay (1973) reported that divalent 
cations could also stabilize fixed chromosomes and for that reason might play 
a role in chromosomal behavior to banding pretreatments. A possible role of 
divalent cations such as Ca+4 or Mg + + in (ί banding has also been suggested 
by Dev et al. (1972) and by Comings et al. (1973). 
An intriguing question arising from the studies reported in this paper is why 
chromosome treatment with hydroxides of alkaline earth metals produces an 
R-banding pattern and one with ammonium bases or with hydroxides of mono­
valent alkali metals results in G-banding or no banding at all. The most important 
difference between these treatments seems to be the presence or absence of 
divalent cations as a stabilizing factor. Since in our experiments R-banding of 
chromosomes was obtained with all t reatments in which both denaturation by 
strong alkali and stabilization by divalent cations occurred simultaneously, it is 
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tempting to conclude t h a t a combination of denaturation and stabilization ь 
required for R-band formation I t is interesting to note t h a t in most other R 
banding procedures described—at least those in which Giemsa's stain is employed 
—also some combination of a strongly denaturing and a stabilizing factor was 
used In the method of Dutnl laux and Lejeune (1971) for example, and in some 
of its modifications (Schested, 1974, Pángalos and Frezal, 1974) the high in-
cubation temperature (85—90°C) causes denaturation while the low pH, necessary 
for a good R- or Τ band differentiation (Dutnllaux, 1973, Dutnl laux and Covic, 
1974, Sehcsted, 1974), has a strongly stabilizing effect on the chromosomes 
(Huberman and Attardi, 1966, Chorazy et al , 1963, Schercs, manuscript in 
preparation) In the so called XaOH F method for the production of R-bands 
(Wjandt et al , 1974), the XaOH treatment is the denaturing factor, while the 
formalin to which the chiomosomes arc simultaneously exposed, has been shown 
to have a clear chromatin stabilizing influence (Tráganos et al , 1975, Scheres, 
manusciipt in prcpaiation) Wc aie therefore inclined to assume that a strong 
denaturation of stabilized chromosomes indeed forms the basis for the production 
oí R-oi Τ bands with Giemsa's stain or othci nonfluorescent dyes such as Stains all 
In which way a combination of denaturation and stabilization results in such 
banding patterns remains uncertain The following information might contribute 
to an explanation ol the process I t is known that the chromatin of the R bands 
is slightly more alkali resistant than that of the G-bands (Bobrow and Madan, 
1973, de la Chapelle et al , 1973) Il the chromosomes are treated for example 
with NaOH in the absence of ext ia stabilizing factors such as divalent cations, 
the small difference in alkali resistance might be insulficient to protect the R-bands 
more than the G bands against disintegration As a result of an almost uniform 
loss of matenal from all areas, the chromatin might than remain in the G banding 
pattern distribution which is believed to exist aheady in untreated chromosomes 
(Bahr et al , 1973, Yunis and Sanchez, 1973, McKay, 1973, Golomb and Bahr, 
1974) If, however, during the alkaline treatment stabilizing factors such as 
divalent cations arc present, the slight diffeience in alkali resistance between the 
R- and the G bands might become accentuated I t is possible that , as a result of 
a special base composition or other properties of the nucleoprotem complex in the 
R bands (such as the DNA conformation or its superhelicity) these regions become 
more effectively stabilized than the G bands This will result in a smaller loss of 
material fiora the R-bands t h a n from the G bands and, after staining, in the 
appearance of an R banding pattern 
The puipose of the expenments earned out has been to obtain a better under 
standing of the CT banding mechanism by studying the role of cations in this 
differential staining process Cations could be demonstrated to cxeit a pronounced 
influence on the ieaction human chiomosomes to the alkaline pret ieatment, 
which fonns the first step in the CT staining procedure In further investigations 
we shall study whether cations play an equally important role in the salt incu 
bâtions which the CT technique and many other banding methods use as "renatu 
iat ion" steps aftci pievious "denatura t ion" of the chromosomes with alkali 
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PAPER VII 
CT BANDIÜG OF HUMAN CHROMOSOMES 
I he effect of cations on С-band formation 
J.M.J. С SCHERhS 
Department of Human Genetics, Division of 
Cytogenetics, Faculty of Medicine, Catho­
lic University, Nbjmegen, The Netherlands. 
Summary. A number of salt solutions was tested for their ability to replace 
2xSSC in the production of C-bands with the so-called CT technique. Those 
containing monovalent cations, except for the ones with Ag -ions, were capa­
ble of Inducing C-bands in Ba(OH) -pretreated human chromosomes. Caesium 
cations were the most effective in this respect. In contrast to the effect 
of the monovalent cations studied, di- or polyvalent cations ( and Ag cat­
ions) were incapable of producing C-bands, and appeared to stabilize the 
Ba(OH) -induced reverse banding pattern. This stabilizing effect could al­
ready be obtained with relatively low cation concentrations and persisted 
even when C-band producing cations were present at the same time. 
The experiments clearly show that the cations present during salt in­
cubations, generally used in the CT- and several other banding methods, can 
exert a pronounced influence on the behaviour of the chromosomes. 
Introduction 
In human chromosomes the СГ technique (Scheres, 1974) not only stains 
C-, but also "reverse"-, mainly telo^eric bands (T-bands; Dutrillaux, 1973). 
A more detailed study of this differential staining phenomenon showed the 
reverse bands to be induced during the first step of the CT-procedure, the 
alkaline pretreatment of the chromosomes with Ba(OH) (Scheres, 1976a) The 
C-bands were produced during the second step of the procedure, viz. the in­
cubation of the Ba(OH) -treated chromosomes in 2xSSC solution. In further 
experiments (Scheres, 1976b) it was found that certain cations were able to 
exert a pronounced influence on the reaction of the chromosomes to the CT-
banding treatment. In contrast to monovalent cations, divalent cations such 
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as Ba , Ca , Mg and Sr appeared to have a strong chromosome stabilizing 
effect and to play an important role in the formation of the R-banding pat­
tern which results from the alkaline pretreatment of the CT technique (Sche-
res, 1976b). In the present paper we describe a number of experiments show­
ing that the cations used also are an important factor in the second step 
of the CT technique, the induction of C-bands with 2xSSC. 
Materials and Methods 
Chromosome spreads were prepared from cultured peripheral lymphocytes 
using a previously described method (Scheres and Merkx, 1976). To obtain a 
CT-banding pattern in the chromosomes the preparations were treated for 10 
о 
min at 60 С with a saturated aqueous solution of Ba(OH) (pH +_ 13.0), sub-
o 
sequently incubated for 30 min at 60 С in 2xSSC (= 0.3 M sodium chloride and 
0 03 M tri-sodium citrate, pH 7.2) and stained with "Stains-all" (Scheres, 
1974). 
Results 
In the CT technique the C-bands are induced by incubation of Ba(OH) -
pretreated chromosome in 2xSSC. One may ask whether the composition of the 
2xSSC solution is essential to obtain these bands. In an effort to answer 
this question a series of experiments was carried out in which 2xSSC was 
replaced by 0.1 M solutions of other salts or by deionized water. The results 
obtained are summarized in Tables 1 and 2. From these the following main con­
clusions may be drawn. 
- A number of salt solutions may replace 2xSSC to induce C-bands in Ba(0H) -
pretreated chromosomes. CsCl solution proved even more effective than 
2xSSC (Fig. 1) It is evident that all C-band inducing salts are compounds 
of monovalent metals or of ammonium. 
- None of the salts of di- or polyvalent metals studied is suitable for the 
induction of C-bands. The Ba(0H) -produced R-banding pattern does not 
change after incubation of the chromosomes in these salts and seems to have 
become stabilized by them (Fig. 1). It is noteworthy that the salts of the 
monovalent metal silver (examined were AgNO and Ag-acetate) have the same 
effect as those of the di- or polyvalent metals 
- If divalent cations are added to a solution of a monovalent metal salt the 
C-band inducing capability of the latter is lost and the Ba(0H) -dependent 
R-band pattern remains. 
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Table 1. Effect of monovalent cations on Ba(OH) -pretreated and on unpretreat-
ed human chromosomes (Incubation conditions 60 С, 30 min). 
Reagent pH Effect obtained on Ba(OH) - Effect obtained on unpre-
pvetveated chromosomes treated chromosomes 
2xSSC 
н2о 
NaCl 
-cio 3 
- s° 4 
-
 S2°3 
- S O 2 5 
- F 
-
с о
з 
-
 н с о
з 
- HP0„ 
4 
- H„PO„ 
2 4 
- OOCCH 
- °7 C6 H5 
KCl 
-S 0 2 5 
2 4 
-Fe(CN)6 
LiCl 
- so4 
-
с о
з 
RbCl 
CsCl 
ΝΗΓ1 4 
- S°4 
N(CH3)4C1 
T1N0„ 3 
- so4 
AgN03 
- 00CCH
o 
7.2 
6.2 
8.2 
6.7 
8.6 
7.0 
3.4 
8.3 
10.9 
8.7 
9.1 
4.6 
8.0 
9.3 
8.7 
4.0 
4.4 
7.4 
6.7 
6.7 
10.8 
8.1 
7.0 
5.5 
5.2 
6.2 
5.1 
7.3 
8.2 
7.1 
CT 
С (cd.) 
CT 
CT 
CT 
CT 
-
CT 
C d . 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
c d . 
CT 
CT (C) 
CT 
CT 
CT 
CT 
CT 
R 
R 
G 
G (n.d.) 
G 
G 
G 
G 
n.d. 
n.d. 
c d . 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
-
G 
G 
G 
G 
G 
G 
-
GI 
GI 
CT = CT-banding pattern; С = C-banding pattern; G = G-banding pattern; R = R-
banding pattern; Gl = Intermediate b.p. (see text) ; n.d. = no differentiation; 
cd.= complete disintegration of chromosomes; - = not tested 
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Fig.la. Human metaphase stain­
ed after Ba(OH) - treatment at 
60 C: a distinct "reverse" 
banding pattern is visible. 
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Fig.lb. Metaphase stained after 
Ba(OH) -pretreatment and sub­
sequent incubation in a 0.1 M 
solution of CsCl: very promi­
nent C-bands have been induced. 
Fig.la. Metaphase chromosomes 
stained after Ba(OH) -pretreat­
ment and subsequent incubation 
in 0.1M La(NO ) : the Ba(OH) -
induced R-banding pattern re­
mains and no C-bands are seen. 
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Table 2. Effect of di- and polyvalent cations on Ba(OH) -pretreated and on un-
o 
pretreated human chromosomes (Incubation conditions 60 C, 30 min). 
Reagent pH Effect obtained on Ba(OH) - Effect obtained on unpre-
pretreated chromosomes treated chromosomes 
B a C 1 2 
-
( N
°3>2 
Mgci2 
CaCl2 
SrCl2 
BeCl2 
CuCl2 
Hg„Cl„ 62 2 
ZnCl 
2 
MnCl 
2 
FeCl 
2 
FeCl 3 
A1C1 3 
CrCl 3 
NiCl 
2 
CoCl 
2 
Cdci2 
La(N0 3) 3 
Pb(00CCH3)2 
ио 2(ооссн 3) 2 
Mg(0OCCH3)2 
CaCl +CsCl 
5.9 
5.8 
6.2 
6.5 
7.2 
2.8 
3.5 
3.6 
5.8 
6.5 
2.8 
1.6 
2.2 
1.9 
5.1 
5.2 
5.4 
4.9 
6.1 
4.2 
7.7 
5.8 
R 
R 
R 
R 
R 
R 
R 
R? 
R 
R 
n.u.d. 
n.u.d. 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
GI 
n.d. 
GI 
GI 
GI 
GI 
n.d. 
n.u.d. 
GI 
GI 
n.d. 
n.d. 
-
-
n.d. 
n.d. 
GI 
GI 
GI 
GI 
GI 
G(I) 
R= R-banding pattern; G= G-banding pattern; GI= Intermediate banding pattern 
(see text); n.d.= no differentiation; n.u.d.= no uptake of dye; - = not tested 
- The type of anion in the salt solution does not appear to be of much impor­
tance for C-band formation. 
- In the absence of salt (viz. in deionized water) a strong swelling and dis­
integration of the Ba(OH) -pretreated chromosomes occur. Sometimes a very 
faint C-band pattern formation is also observed. 
The observed R-band stabilizing effect of the divalent cations could already 
be obtained at relatively low cation concentrations. The lowest stabilizing 
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Ba-,Mg- and Ca concentrations seemed to depend on the condition of the prepa­
rations and varied between 0.5 and 5 mM. 
In other experiments some stabilization of R-bands and an inhibition of 
C-band formation could also be obtained with monovalent cations if present in 
sufficiently high concentrations, e.g., in a saturated solution of NaCl or of 
(NH ) SO . The most effective C-band inducing agent in our experiments, CsCl, 
was, however, unable to stabilize the R-banding pattern even in a saturated 
solution. 
Both the stabilization of R-bands with divalent cations and that with 
high concentrations of monovalent cations appeared to be reversible. If the 
chromosomes after a "stabilizing" salt incubation were treated with 2xSSC 
solution, a subsequent staining could produce a C-band pattern. 
Stabilizat on of R-bands and inhibition of C-band production during salt 
incubation of Ba(OH) -pretreated chromosomes could also be achieved by the 
addition of formalin to a concentration of about 10%, of ethanol to a concen­
tration of approximately 75%, or by reducing the pH of the solution to below 
4.0 
In the experiments described above the chromosome preparations were al­
ways treated with Ba(OH) before the salt incubations. If the Ba(OH) -treat­
ment was omitted the results of incubations with solutions containing mono-
or divalent cations appeared to differ only slightly. Most monovalent cations 
produced weak and sometimes hardly visible G-band patterns at 60 С At this 
temperature divalent cations usually induce a faint "intermediate" banding 
pattern in which some G- and a few R-bands seem to be present at the same 
time (Tables 1 and 2). 
Disoussbon 
The mechanism of C-band formation in alkali-pretreated chromosomes is not 
fully understood At first it was thought that the C-band formation resulted 
from a rapid reassociation of the alkali-denatured highly repetitive satel­
lite DNAs which occur in the C-bands (Arrighi and Hsu, 1971, Jones et al., 
1973, Gosden et al., 1975) Whether the DNA is double-stranded or not does 
not seem to play an essential role in C-band production, however, as has been 
made plausible by amongst others Stockert and Lisanti (1972), Comings et al 
(1973), Lubs et al.(1973) and in this laboratory (Scheres, manuscript in pre­
paration) It is now generally accepted that the C-bands are the chromosomal 
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areas most resistant to the extraction of chromatin by alkaline or salt treat-
ments. After these treatments sufficient stainable material would remain only 
in the C-bands (Comings et al., 1973; Pathak and Arrighi, 1973, Schmiady et 
al., 1975). Chromosomal proteins in these areas seem to be of importance in 
the C-band formation (Comings et al., 1973). It has also been observed that 
considerable structural alterations ("collaps", Ross and Gormley, 1973) have 
occurred in C-banded chromosomes. 
In the experiments described in this paper a number of important obser-
vations were made which possibly contribute to a clarification of the C-banding 
mechanism. It has been found that incubation in a solution with monovalent 
cations is necessary to obtain good C-band differentiation in Ba(OH) -pre-
treated chromosomes. Caesium cations, having the largest ion size of the al-
kali metals tested, appeared to be the most effective C-band inducing agent 
of this group. It is noteworthy to mention here that Meisner et al.(1973) as 
well as Geraedts and Pearson (1973) also found caesium salts to be very suit-
able to make centromeric constitutive heterochromatins stainable. However, as 
the relatively large monovalent tetramethylammonium cations were clearly less 
effective than Cs-ions, the C-band producing capability of a monovalent cation 
does not seem to be directly correlated with its size. 
A second important observation made in our investigations is that di- or 
polyvalent metal cations can prevent the production of C-bands and the struc-
tural changes connected with it. This inhibition occurs even if in addition 
to the divalent cations C-band inducing monovalent cations are present at the 
same time. The Ba(OH) -induced R-band pattern appears to become stabilized by 
the di- or polyvalent metal cations. This finding clearly corresponds with the 
results of a previous study showing that the cations of the divalent alkaline-
earth metals protect the chromosomes against the denaturing action of alkali 
and for that reason play an important role in the production of a "reverse" 
banding pattern with a modified CT technique (Scheres, 1976a; Scheres, 1976b). 
The results of the experiments described in the present paper clearly demon-
strate that the chromosome stabilizing divalent cations can also influence 
the reaction of the chromosomes to the salt treatments which, both in the CT 
technique and in several other banding methods, are used for the production 
of various banding patterns. 
The results obtained support the hypothesis of amongst others McKay 
(1973) and of Dev et al. (1972) that divalent cations could play a role in 
banding of chromosomes by stabilizing their structure. On the other hand, 
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Kato and Moriwaki (1972) and also Eiberg (1973), who studied extensively the 
influence of various salts on chromosome banding, did not mention such chro-
mosome stabilizing effect of divalent cations. These investigators, however, 
used chromosome preparations which were not pretreated with alkali. The dif-
ference in effect of the monovalent cations on the one hand and the di- and 
polyvalent cations on the other is under these conditions much less specta-
cular than if alkali-pretreated chromosomes are used (Tables 1 and 2). 
A chromosome stabilizing influence of divalent cations has been described 
before by Maio and Schildkraut (1967) and by Chorazy et al. (1963) who studied 
unfixed, isolated metaphase chromosomes. It is worthwhile to mention that the 
lowest stabilizing cation concentrations in our experiments with fixed chro-
mosomes are of the same order of magnitude as those reported to stabilize 
unfixed chromosomes (Maio and Schildkraut, 1967). 
Whether the stabilization of chromosomes by di- and polyvalent cations 
is based on interactions of the ions with the chromosomal DNA, with the chro-
mosomal proteins, or with both, remains as yet unexplained. A large number of 
investigations has been carried out with regard to the possible interactions 
between metals and the DNA or the bases, nucleosides and nucleotides of which 
it is composed (for extensive reviews see Izatt et al., 1971 or Eichhorn, 
1973). As the most important possible explanations for the stabilization of 
the DNA double helix by di- or polyvalent cations can be mentioned: neutra-
lization of negatively charged phosphates repelling each other, and / or the 
formation of cross-links between phosphates and/ or bases in opposite strands. 
If the latter process would indeed play a role in the chromosome stabilization 
seen in our experiments it might account for the cations of the monovalent 
metal Ag to have a similar effect. It is well known that Ag cations are cap-
able of forming very stable cross-links between opposite DNA base moieties 
(Izatt et al., 1971). Other types of cross-links by divalent cations result-
ing in DNA stabilization have been suggested by Mejbaum-Katzenellenbogen and 
Maskos (1971). According to the theory of these authors they may be formed by, 
e.g., Mg -ions between neighbouring phosphates in the same or in opposite 
helical strands. The result of this process would be the formation of a com-
pact, stabile DNA aggregate. 
Chromatin stabilization by divalent cations might also be the result of 
their action on the DNA/protein complex. Cation-mediated binding of protein 
to the DNA might be related to this stabilization process (Maskos, 1971; Mil-
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1er,1973). Such theory is supported by Johnson et al.'s observation (1972) 
that divalent cations transformed the DNA of isolated nucleohistone from the 
B- into the С configuration resulting in a tightening of the nucleoprotein 
complex and it becoming less vulnerable to environmental factors. 
It should be taken into account that the above hypotheses concerning the 
possible interactions between metal ions and the DNA or the DNA/protein com­
plex are based on data obtained from studies on isolated, often highly puri­
fied components. One has therefore to be careful in simply extrapolating 
these theories to the much more complex "in situ" conditions of the metapha-
se preparations. For that reason, additional and more extensive experiments 
will be needed to explain more fully the observed effects of cations on the 
formation of C-bands in human chromosomes. 
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PAPER VIII 
Trisomy for the short 
arm of chromosome No. 10 
TH. W. J. HUSTINX", B. G. A. TER H A A R " , J. M. J. С. SCHERES«, AND F. J. RUTTEN* 
Departments of "Human Genetics and ""Pediatrics, University of Nijmegen, Nijmegen, 
The Netherlands 
The clinical and cytogenetic data are presented of a child with multiple congenital mal­
formations, including cystic kidneys. A trisomy for at least the larger part of the short arm 
of chromosome No. 10 in association with a translocation between chromosomes Nos. 10 
and 14 was found in peripheral blood lymphocytes and skin fibroblasts. Both the mother 
and a younger sib were balanced carriers of the translocation. 
Received 4 June, accepted for publication 6 July 1974 
As far as we know, patients with a complete 
trisomy of chromosome No. 10 have not 
been described. A patient with a karyotype 
46,XY/47,XY, + 10 has been reported (Higu-
rashi et al. 1969, Nakagome et al. 1972). 
The patient described in this paper had a 
trisomy for at least the larger part of the 
short arm of chromosome No. 10 in asso­
ciation with a translocation between chro­
mosomes No. 10 and 14. 
Case Report 
The proband (D.G. 710807) was the first 
child of a 17 year old mother and a 23 year 
old father who are not related. A progres­
sive intrauterine growth retardation was ob­
served from the 23rd week of pregnancy on. 
Placental functions seemed unimpaired, 
since the estriol and pregnanediol excretion 
in 24 h urine was normal. An immature 
child, weight 2120 g, and length 43 cm, was 
born after a gestation of 41 weeks. The 
placenta, the amniotic membrane and the 
umbilical cord showed no abnormalities. A 
few minutes after birth, the Apgar score 
was 2 and the plasma pH 7.02. Administra­
tion of NaHCOa resulted within 2 h in a 
blood pH of 7.28. A mild cyanosis persisted. 
A few hours after birth, petechiae developed 
on the child's back and legs; the platelet 
count was then 50000/mm'. 
When physically examined, a number of 
abnormalities was seen. The patient had bi­
lateral epicanthal folds, a broad nasal bridge 
and hypertelorism. Her ears were low-set, 
slanted and dysplastic. She had a retrogna-
thia and a medial palatoschizis (Figs. 1, 2). 
The cranial sutures were wide; the anterior 
fontanel was 3 x 3 cm, the posterior fon­
tanel was 4 x 4 cm. The cardiac sounds were 
loud but without murmur; the heart rate 
was 164) beat/min. A marked hypotonia was 
present. The external genitalia were normal 
female. A unilateral hip dislocation existed, 
as well as club feet which could not be cor­
rected manually. Both hands were flexed at 
the wrist and the thumbs were adducted. In 
the palms of the hands, abnormal flexion 
creases were seen (Fig. 3). The child had 
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Fig. 1. Postmortem photograph of the proband 
.,.„.... 
I 
Fig. 2. Postmortem photograph of the proband, close-
up 
dimples on the shoulders, elbows and knees. 
The electrocardiogram was very pathologic, 
indicating a severe cardiac dysfunction. 
The platelet count decreased gradually to 
12000/mm\ whereas the hemoglobin value 
was 11.0g%, and the number of white cells 
18300/mm3 of which 2 5 % were lympho­
cytes. 
The child died 48 h after birth as a result 
of a respiratory distress syndrome. A total 
of only 0.5 ml. urine was produced. 
At autopsy, additional malformations were 
noticed. The right kidney consisted of fetal 
renal tissue with many cysts. The left kid­
ney was a cystic mass with sporadic glome­
ruli and tubules not connected with the ure­
ter. The left ureter ended blindly at a dis­
tance of 4 cm from the urinary bladder. In 
addition, a coarctatio aortae and hyaline 
membranes were found. 
Cytogenetic Investigations 
Chromosome studies of the proband were 
carried out on peripheral lymphocyte cul­
tures using a modification of the method 
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Fig. 3. The hands of the proband 
described by Moorhead et al. (1960), and on cultures of the proband's relatives were ex-
fibroblasts cultivated from skin obtained amined. Chromosome preparations were 
shortly after death. Peripheral lymphocyte stained with Unna-blue (Turpin & Lejeune 
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Flg. 4. Karyotype of the proband: t t ¡s the large translocation element 
1965) or with a modification (Scheres 1972) According to the classical analysis of the 
of Seabright's (1972) trypsin-Giesma band- metaphases of the proband's lymphocytes, 
ing method. one of the D group chromosomes seemed to 
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Fig. S. Karyotype of the proband's mother: t, is the large and t_> the small translocation element 
have been replaced by а С group chromo- showed that the missing D chromosome was 
some. A study of the fibroblast metaphases, a chromosome No. 14 and that the extra С 
using the trypsin-Giesma staining method, chromosome consisted of the long arm of 
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Flg. β. A metaphase of the proband's mother. Note the association between l¿ and a chromosome No. 21 (arrow) 
chromosome No. 14 and probably of the 
short arm of chromosome No. 10 (Fig. 4). 
When examined in the classical way, no 
chromosomal aberrations were found in the 
lymphocyte metaphases of the proband's 
parents, but the trypsin-Giemsa staining 
method showed that the lymphocytes of her 
mother had two abnormal chromosomes. 
These abnormal chromosomes were also 
present in the proband's phenotypically nor-
mal younger brother. These persons proved 
to be carriers of a reciprocal translocation 
between a chromosome No. 10 and a chro-
mosome No. 14 (Fig. 5). The large trans-
location element had a long arm of a chro-
mosome No. 14 and a short arm of a chro-
mosome No. 10. The small translocation 
element had a long arm of a chromosome 
No. 10 whereas satellites were seen on the 
short arm; in a number of cells, this abnor-
mal chromosome was found in association 
with a D or G group chromosome (Fig. 6). 
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The points of breakage in the chromosomes 
Nos 10 and 14 are in or near the centro­
meres of these chromosomes, but their exact 
location could not be established 
The parents and the only sib (a sister) of 
the proband's mother had normal karyo­
types 
Discussion 
The proband is trisomie for at least the 
larger part of the short arm of chromosome 
No 10 and hemizygotic for at least a seg­
ment of the short arm of chromosome No 
14 The uncertainty with regard to the ac­
curate exchange points docs not allow a 
more precise description of the proband's 
chromosomal aberration 
The most notable symptoms in our patient 
are serious intrauterine growth retardation, 
typical facial abnormalities consisting of 
hypertelorism, a broad nasal bridge, bilater­
al epicanlhal folds, low-set dysplastic ears, 
rctrognathia, palatoschisis, joint abnormali­
ties and cystic kidneys In addition, a throm­
bocytopenia was present 
The only symptoms common to our pa­
tient and to the 46,XY/47,XY, + 10 patient 
of Higurashi et al (1969) and Nakagome et 
al (1972) are hypertelorism, low-set dys­
plastic ears, retrognathia and joint abnor­
malities A few patients with a mosaic tri­
somy С (Bijlsma et al 1972) show more 
similarity with our patient The most strik­
ing resemblance in symptomatology exists 
between our patient and that described by 
Juberg et al (1970) both had intrauterine 
growth retardation, bilateral epicanthal folds, 
hypertelorism, a depressed nasal bridge, low-
set ears, palatoschizis, micrognathia, articu­
lar abnormalities (e g hip dislocation), bi­
lateral polycystic kidneys, and death shortly 
atter birth Rcinwein et al (1966) reported 
on a dysplastic child that died 10 mm after 
birth Tn addition to multiple malformations 
of the face and limbs, cystic kidneys were 
found in this patient Analysis showed the 
patient to have a mosaic chromosomal pat­
tern with a cell line having an extra С group 
chromosome and another with an extra 
chromosomal fragment 
Pfeiffer & Meyer (1967) found cystic kid­
neys in a child that died 2 h after birth A 
chromosomal analysis was not carried out, 
but the patient's mother had a translocation 
between а С group chromosome (No 10) 
and a D group chromosome Possibly this 
patient was tnsomic for part of the short 
arm of chromosome No 10 The interpre­
tation of the translocation in which the 
mother's С chromosome was involved was 
made before the introduction of the banding 
techniques 
As far as we know, our patient is the first 
proven case of a trisomy Юр In view of 
the symptomatology of this, and of some 
selected cases reported to have extra С chro­
mosome material (Juberg et al 1970, Pfeif­
fer Д Meyer 1967, Reinwein et al 1966), 
early death from respiratory distress and the 
presence of bilateral cystic kidneys may 
form part of a syndrome characteristic for 
a trisomy Юр However, the symptomato­
logy of such a syndrome can only become 
known when more proven cases have been 
described 
Since the proband's maternal grandparents 
have normal chromosome patterns, her mo­
ther is the first person in the pedigree to 
have this reciprocal translocation The bal­
anced carriers of a translocation, as re­
ported in our proband's family, cannot be 
discovered with the classical staining tech­
nique The importance of the use of chro­
mosome banding methods in the genetic 
counseling of such cases is evident 
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Summary For the identification of an extra ehromosonu in a female child a nunibei of 
recently developed staining techniques were used 
The extra element found in 8G° 0 of the patient s pcnpheinl Ijniphocvtes leseniblcs an 
isoehromosome for the short arm of ehromosome No 9, in which case a tct iasomj loi this 
arm would exist The clinical findings in our patient weic eompaicd with those in patients 
reported to have extra chiomosome 9 material 
Introduction 
G h y m e r s el al (1!)73) d e s t i i b c d α m a l o chi ld w i t h mul t ip le c o n g e n i t a l m a l 
f o r m a t i o n s h a v i n g a p a i t i a l t e t i a s o m y of c h i o m o s o m e N o 9 in his l y m p h o c y t e s , 
t h e k a i y o t y p e of t h e fibroblasts f i o m a s k i n b iops\ w a s noi m a l 
W e r e p o r t o n a chi ld w i t h m u l t i p l e c o n g e n i t a l mal fa i m a t i o n s in w h i c h a n 
e x t r a c h r o m o s o m e of t h e si/e of e h r o m o s o m e N o 1С o c c u i i e d in 8 0 % of h e r 
l y m p h o c y t e s T h e a p p h e a t i o n of a n u m b e r of iecenl lv d e v e l o p e d s t a i n i n g t e c h ­
n i q u e s e n a b l e s u s t o i n t e i p i e t — w i t h a fan dogi ее of c e r t a i n t y - t h e e x t i a chi o m o 
s o m e t o consis t of d o u b l e t h e m a t e n a l of t h e s h o i t a r m of c h i o m o s o m e N o !), 
r e s u l t i n g in a t e t r a s o m y fai t h i s a i m 
Case Report 
The proband (H А ύυ(Ι203), η girl, is the second child of a mothei who was 31 at the time 
of delivery and a fathei who was then 32 The m o t h e r s first pregnancj had ended in a spon 
taneous abortion Between the abortion and the p r o b a n d s b n t h a phcnotjpicull j nonnal 
hoy was born to the unrelated parents He was delivered by ('aesarean section because of 
a narrow pelvis The third pregnancj was complicated around the 12th week b) severe loss 
of blood per vaginam requiting a 3 week hospitalization period After discharge she had 
taken Duphaston® for 3 months The pregnancj was terminated bj vacuum extraction The 
childs weight at b n t h was 3400g and no asphyxia or jaundice was rcpoitcd dining the 
newborn peiiod 
The first months of life caubed few problems The parents noticed, howevei, a slowei 
development of the pioband compared with their fiist child A substantial meiease of her 
head circumference was observed for the hist time at the age of 8 months Although no maikcd 
increase of the head circumference was seen in the next 2 jears, a connection between (lie 
retarded psychoniotonc development and a possiblj existing hjdiocephalus was suspected 
At the age of 2 5 j e a r s when the fontanel was still 3 x 4 cm, lumbopneumoencephalographj 
confirmed the diagnosis hj'dioccphalus A Spil¿-Holtcr drain wus then inserted As slit was 
12 Humangenetik, Dd 2> 
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Fig. 1. The proband at the age of 7.5 years 
still unable to walk at the age of 3 because of a flaccid paresis of the leg musculature, a training 
program was begun with the help of braces. 
At the age of 4.5 years she started wearing spectacles for her marked myopia (—15 and 
—18). Speech development was very poor and at the age of 5 years she was only able to say 
a few words. Her hearing seemed unimpaired. A psychological examination at the age of 
5 years showed an intellectual level of a 3-year-old. Her mental capacities were those of an 
imbecile (Stutsman score: 4 1 ; Terman-Merill score: 48). Her social adjustment, however, 
developed rather well. 
She was able to sit with help at the age of 1 year, sit-up unaided when she was 2 years old, 
stand upright at the age of 3 years; she was able to say a few words at 4 years old and became 
continent in the daytime at the age of o\ 
Myopia (ranging from — 4 to —11) occurs frequently among the relatives of the proband's 
mother. A first cousin of the mother suffers from osteomalacia and another one is a Down's 
syndrome patient. A first cousin of the proband's father died 2 days after birth from com­
plications of a spina bifida. One of the father's brothers has both a boy with a cheilogna-
thopalatoschizis and one with Down's syndrome. 
At the age of 0 the proband was again fully investigated: she measured 106 cm {< P 3 ) , 
weighed 18 kg, and had a head circumference of 55 cm ( /'98). Her forehead was prominent 
and the fontanels were closed. She showed hypertelorism with bilateral epicanthal folds, a 
convergent squint and a highly arched palate. Both external ear canals were narrow, the 
auricles slightly abnormally shaped and protruding (Fig. 1). 
The mandible was small, but X-ray examination showed all permanent teeth to be present. 
A grade Π cardiac murmur with a marked, degree of splitting of the second sound was heard. 
A thorax X-ray examination and an electrocardiogram showed no abnormalities. The liver 
extended 1 cm below the right mid-costal margin and the spleen was only barely palpable. 
The external genitalia showed no anomalies. The fifth fingers were short and curved which 
at X-ray examination appeared to be the result of a brachymesophalangy. Roentgenological 
examination showed a pseudo-arthrosis of the right clavicle without callus formation, no 
deformities of the spine or abnormalities in the intravenous pyelogram. Osseous maturation 
was between (> and 7 years. She had pedes planovalgae. 
A neurological examination showed the cranial nerves intact, a normal muscle tone, 
a slightly lowered muscular strength but no signs of atrophy. The plantar reflexes were of 
normal intensity and symmetrical. The electroencephalogram was underdeveloped for the 
patient 's age and on the left side a little slower than on the right one. 
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'1ІК' laboialoi j examinations of blood and urine showed no abnoimalitics, in particular 
with icgaid to blood clotting, glucose toleiante test, lipid composition, amino acid excretion, 
the Л1<ыіі blue test, and met,n Inumai к malei lal Sjphilis, toxoplasmosis, and lcptospuoses 
(ould be excluded 
Dmnatogljphic Studies 
The ch imatoglyphic patterns of hands and feet of the patient arc outlined in Fig 2 
Table I contains the ridge counts of the fingeis and toes The α—b ridge counts of the hand 
palms are 40 on the right and 39 on the left side The soles of the feet have simian creases 
Fu» 2 The deimatoghphic patterns of hands and feet of the patient 
Table 1 The ndge counts on the patient s fingeis and toes 
Fingei s 
Toes 
Lift 
1 
I.VO 
1Ö/0 
II 
.-,/(» 
I/O 
III 
9/0 
0/0 
IV 
13 0 
0 
V 
10/0 
0 
Right 
1 J l 
20/17 0 
11/0 7/0 
I I I 
Ö/0 
7/0 
IV 
10/0 
0 
V 
0,0 
0 
Total 
ridge 
count 
93 
47 
99 
100 F J Ruttori et al 
Table 2 l'hc phenoU pes of the blood groups und sei uni fat lois of the patient and her parents 
Pulient 
Father 
Mother 
Put lent 
Father 
Mother 
V 
Vi 
\ 
Gel 
Gel 
Gt l 
MNS— 
MNS 
M N h -
- 1 Hp2 1 
- 1 H p 2 1 
1 Hp2—1 
P,( + ) 
P . . 
i',( ) 
1 ( ¡ m ( / -
l (.m(u 
1 Gm(a -
- a -
x 
X -
- X 
f 
Lu(a—) ( 'cüec К 
Lii(.i ) 11 Ree К — 
Lu(a—) ( 'cuce К 
- l - n - g - Ь Ч l n v ( l - ) 
η g b I ) I il ν (1 a—) 
- І - г П - g — b + ) lnv(l—a—) 
*>(·ι 1 ) 
Fy(a + ) 
Ь'у(л 1 ) 
Am(l h.2 ) 
Blood Groups and Scruni Paclors 
The phenotjpes of the blood gioups and seiuin factois o( the patient and her parents 
show no de\iation from the expected mhentanee pattern (Table 2) 
Cjtogenetic Studies 
Interphase nuclei of buccal smear cells weie examined for the presence of X chromatin 
(orcein staining) and of V (Inumatili (QM Huoieseenee method of ('aspersson et al , 1970) 
Chiomosome examinations ol Ihe patient and hei parents were carried out on lymphocyte 
cultuies using a modification of the mc thod described by Moorhcad et al (I960) The chromo 
some mctaph.ises ol these cultuies weie stained according to the classical method (Turpin 
and Lejeune, 1%Л) as well as with a modification (Scheies, 1972) of Seabnght's method 
(1972) The patient s metaphascs weie also examined with the use of the fluorescence method 
(Caspersson et al , 1970), the Gicrnsu 11 staining method (Bobiow et al , 1971), the CT staining 
method according to Schcics (1974) and with an expenmental method staining the centro 
mene regions of л minibci of chioniosomes, пыіпК those ol .\os It), 19, and 20 (Schcrcs, 
unpublished icsulls) 
Results 
In 55 of 100 examined mteiphase nuclei of buccal smeais X eliminatiti «as 
piesent Q u m a m n must did fluoit se enee of but ta i sinodi s int ei phase nuclei shoved 
no Y с Inumatili 
In 92 of 107 (86%) h m p h o c y t e metapliases examined, an extra chromosome 
«as lound Studied after classical staining, the ext ia chiomosome lesembled 
chiomosome Xo 16 
Altei analv/ing metaphases using the t i j p s m Gienisa method, the extra 
chiomosome « a s behe\ed to consist ol double the mateiial of the shoit arm of 
chiomosome Xo i) (Figs 3 and 4) 
Moie credence «as attached to this supposition aftei the extra chiomo&omc 
«as с \aii4iied with the QM fluoiescence method and the CT staining technique 
(Figs 5 and 6) the lattei shows both С and Τ band chaiat tenst ics The extra 
chiomosome did not ha\e the pdiacentiomeiic heteiothiomatin typical for the 
long aim of chromosome Xo !) (Gienisa II staining method) oi that of chromo­
some Xo 16 (Fig 7) 
The patient 's paients did not have chiomosomal abenat ions 
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Fig. 3. Metaphase and karyogram of a oeil with 47 chromosomes stained according to the 
trypsine-Giemsa technique 
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Fig. 4. Examples of the extra chromosome from different metaphases. The upper row shows 
the extra chromosome compared to a normal No. 9 chromosome from the same cell (trypsine-
Giemsa technique) 
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Fig. ö. Karyogram of a cell with 47 chromosomes (CT banding technique) 
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Fig, 6. Comparison ot the extra chromosome with the short arms of both chromosomes No. У 
(detail of Fig. 5) 
Fig. 7. Extra chromosome (arrowed) and chromosomes Xos. Hi—20 (E and F groups) from 
a cell treated with a technique preferentially staining the centromeric regions of chromosomes 
Xos. Hi, 19, and 20. Xote absence of centromeric staining in the extra chromosome 
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Discussion 
An extra chromosome « a s picsent in 8 6 % of the lymphocyte metaphases of 
the patient We considei the piohability to be very high that this extra chromo­
some consists of double the material of the short aim of chromosome No 9, 
pei haps an isoehiomosonie 9p, however, л\ ith the methods available no complete 
ceitainty as to the correctness of our interpretation can be obtained 
Gluineis et al (1973) described a patient with an ext ia chromosome in his 
lymphocyte cultuie The extra chromosome not only had twice the short a im 
of a chromosome Xo 9 but also double the paracentromerically situated hetero-
chromatm of the long arm of that chromosome The cxt ia chromosome was not 
present in cultures of his fibroblasts A hydrocephalus internus is the only ab­
normality common to Ghymer's patient and ours The dissimilarity in symptoma 
tology between the 2 patients might be explained by a difference in distribution 
of the pathological cell lines in the patient 's body and/οι in the composition of 
the extra chromosome Feingold and Atkins (1973) described aJrrsomy 9 patient 
who resembled ours in having severe mental retardation, hydrocephalus and retro 
gnathia Haslam et al (1973) reported a patient with a mosaic 46,XY/47,\ Y , + 9 , 
comparing this patient with oui case, we found t h a t the following clinical symp 
toms were similar scveie mental retardation, shoit stature, receding chin, high 
arched palate, and hydrocephalus The occuricnce of a hydrocephalus in the 
patients described by Ghjmeis et al (1973), Feingold and Atkins (1973), Haslam 
et al (1973) and in this paper is noteworthy 
Rethoin5 et al (1973) characterize the clinical entity found in patients with 
a trisomy 9p as follows severe mental retardation (IQ + 50), moderate micro 
cephaly, enophthalmus, antimongoloid slant of the palpebial fissuies, mild hyper 
telonsm, protruding ears, aplasia of the central area of the antihelix, globulous 
nose, downward slanting of the corners of the mouth, hypoplasia of a number 
of phalanges, abnormal transverse palmar flexion cieases, absence of a digital 
tnradius or fusion of the ti iradii b and с and unequal distances bctw een the flexion 
creases of the fingers Of the symptoms listed by Rethoré et al (1973), the patient 
described in this paper had seveie mental ictaidation, mild hyper telonsm, pro 
trading ears, hypoplasra of the t inadius с in the left palm Our patient only 
slightly resembles those described in Rethorc'b et al (1973) aiticle on trisomy 9p 
patients 
With regard to the origin of a chromosome pattern as found in the described 
patient, several hypotheses can be made, the most likely ones appear to us to be 
1) A disturbance of meiosis I on the paternal or maternal side in which two of 
the four chromatids of a bivalent 9 aie reananged in such a way that a chromo­
some is foimed that moiphologically can be mteipieted as an isoehromosome 
This cluomosome, together with a normal chromosome Xo 9, would then go to 
I gamete as a result of a faulty distnbution The mosaic pattern may be the result 
of a loss of the abnormal chromosome dunng subsequent mrtoses 
2) A selective endoredupheation involving the entire short arm of chromosome 
No 9 and its centromere during meiosis I or dunng one of the post/ygotic mitoses 
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SUMMARY The case history of an adult patient with acute myelomonoblastic 
leukaemia is presented. The leukaemia developed 4 yr after the first irradiation for 
a Wilms' tumour. Approximately 35% of the bone marrow cells had 47 chromo­
somes and were trisomie for chromosome 9. 
Deviant karyotypes of bone marrow cells occur in a significantly higher percentage of patients 
with acute myeloblasts leukaemia (AML) than in healthy individuals or in patients without 
diseases of the haemopoietic system (Sandberg et al, 1961; O'Riordan et al, 1970). Although 
hypoploidy is found m most patients with numerical aberrations of the chromosome pattern, 
patients with hyperploid cell lines have been described as well (e.g. Sandberg et al, 1964, 
1968; Sandberg & Hossfeld, 1970). In a few patients with myeloproliferative diseases, hyper­
ploid bone marrow cells have been fully analysed (de la Chapelle et al, 1972 ; Hellström et al, 
1971). Trisomy of chromosome 8 has been found in these cases. The occurrence of a high 
percentage of tnsomy-9 bone marrow cells was observed in the patient with acute myelo-
monoblastic leukaemia described in this paper. 
CASE HISTORY 
The patient, a man born on 26 June 1939, was submitted to surgery on 14 February 1969 for a 
tumour of the right kidney which proved to be a Wilms' tumour. Postoperative irradiation 
was given over a period of 6 weeks, using orthovoltage apparatus (half-value thickness 3 mm 
of Cu) and applying a mid-line depth dose of 2000 rads at the level of the renal fossa. 
Lung metastases were diagnosed in September 1971. The patient first received a 5-day 
course of 500/ig actinomycin-D intravenously daily. Afterwards he was treated by irradiation 
of the lungs, using telecobalt apparatus, 2250 rads were applied for 24 days, and by further 
administration of actinomycm-D (5 χ 500/ig). In November 1971 he received a supplement­
ary 1000 rads in 5 days to the left lung together with 5 χ 500/ig actinomycin-D. A metastasis 
in the second cervical vertebra was detected in December 1971. Local irradiation was given, 
applying 3000 rads m 2 weeks. At the same time the patient received 5 χ 5<x>/ig actinomycin-D. 
In February 1972 a metastasis in the right phremcocostal sinus and one above the right 
hemidiaphragm required supplementary application of 1500 rads and intravenous adminis­
tration of 6x 500/ig actinomycin-D. The patient then remained free from symptoms until 
Correspondence Dr F J Rutten, Department of Human Genetics, Faculteit der Geneeskunde, Katholieke 
Universiteit Nijmegen, Philips van Leydenlaan 25, Nijmegen, The Netherlands. 
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September 1972, when pain in the right leg developed. Thus proved to be due to metastatic 
growth 111 the pubic bone. The pain disappeared following the local application of 3000 rads. 
Late 111 November 1972 the patient developed spontaneous cutaneous haemorrhages of 
the arms and legs and fever. He was admitted to hospital on 15 December His temperature 
was 39 2°С No pathological lymph nodes were palpable. There was gingivitis and a white 
film was observed in the right tonsillar fossa Crepitating rales were audible over both lungs 
The liver was palpable 4 cm below the costal margin The spleen was not palpable 
Laboratory findings. ESR n o mm in 1 hr; Hb 6 9 g/100 ml; PCV 20%. W B C 41 ooo//il with 
45% myeloblasts. Platelet count 8000/μΙ. Alkaline phosphatase 4.3 units (normal value up 
to 3.5 units). Serum asparate aminotransferase (SGOT) 42 u/1 (normal value up to 25 u/1); 
serum alanine aminotransferase (SGPT) 42 u/1 normal value up to 25 u/1); serum lactate 
dehydrogenase 464 u/1 (normal value up to 175 u/1), serum creatinine 60 mg/1 (norml value 
up to 12 mg/1) Candida albicans was cultured from a throat swab. Blood, sputum and 
urine cultures remained negative. The bone marrow proved to contain more than 90% 
myelomonoblasts (Fig 1). 
The condition was diagnosed as acute myelomonoblastic leukaemia. The patient was given 
blood transfusions and antibiotics from 15 December 1972 Cytostatic medication was 
started on 21 December: 2 χ 200 mg су tosine arabinoside being given daily by intravenous 
injection. The temperature remained very high The patient developed marked dyspnoea 
with signs of pericarditis and cardiac decompensation and died on 24 December 1972. 
The post-mortem revealed fibrous pericarditis and pleurisy. The pericardial cavity con­
tained 450 ml haemorrhagic fluid. The liver was enlarged (2340 g) and there were several 
subcapsular metastases with a diameter of 3-4 cm which at microscopic examination proved 
to originate from the Wilms' tumour. In addition there were two small metastases in the 
lung, which was oedematous. The abdominal cavity contained 1.5 litres of haemorrhagic 
fluid. Small haemorrhages were observed in the epicardium, subpleural space, liver, spleen, 
peritoneum, duodenum, jejunum, ileum, colon, gingiva and the enlarged left kidney. 
CYTOGENETIC STUDY 
Direct chromosome preparations were made from bone marrow obtained 21 December 1972 
using a modification of the technique of Tjio & Whang (1962). In Unna blue-stained speci­
mens, 13 of the 53 euploid cells found were microscopically analysed. One of these cells was 
karyotyped. The chromosome pattern in these cells was interpreted as normal for a male. 
In 29 additional cells found in the same specimens, the number of chromosomes proved to be 
47 Five of these cells were microscopically analysed, and an extra C-group chromosome was 
found m each. No other numerical or structural abnormalities of the chromosomes were 
observed Five cells with 47 chromosomes were fully typed after staining by a modification 
(developed in our laboratory) of the trypsin-Giemsa 'banding' technique (Scheres, 1972). 
Each of these cells contained three no. 9 chromosomes. Expansion of the study by the staining 
which is characteristic for the secondary constriction area of chromosome 9 (Bobrow et al, 
1972) confirmed this finding (Fig 2). 
DISCUSSION 
The patient described showed three unusual features. The first lies in the relative rarity of the 
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FIG I . Bone marrow (May-Griinwald, χ 8οο). 
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FIG 2. Bone marrow cell metaphase stained by the method of Bobrovv et ai (1972). Although the 
general appearance of the chromosomes is fuzzy, three C-group chromosomes clearly show the dark 
spots considered typical for the secondary constriction areas of chromosome 9. 
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tumour type for his age (29 yr). A collected series of 1106 cases of Wilms' tumour reported 
by Klapproth (1959) included 49 cases in adults. The second unusual feature is the develop-
ment of a second malignancy in the same individual. It may well be that the acute myelo-
monoblastic leukaemia resulted from the renal fossa irradiation carried out 4 yr earlier. The 
subsequent irradiations and the actmomycin-D therapy may also have exerted an influence. 
As Court Drown & Doll (1965) have demonstrated, the risk of dying from leukaemia is maxi-
mal 3-5 yr after irradiation. The type of leukaemia commonly seen in such cases is the acute 
myeloid form. This, too, is an argument in favour of irradiation as an actiological factor. 
The third unusual feature is the presence of trisomy of chromosome 9 in с 35% of the bone 
marrow cells. So far as we could ascertain, this chromosomal aberration has not previously 
been established with certainty in a patient with AML. 
Deviant karyotypes are known to occur frequently in the bone marrow in patients with 
AML, and the anomalies are very variable (Woodhff, 1971). In a large number of patients 
with AML a statistical analysis has been made (Sandberg et al, 1968) in an effort to establish 
whether one or more groups of chromosomes were involved in the disease process more 
frequently than might be expected according to the laws of probability. This analysis was 
particularly directed to the possibility of a disproportionately frequent occurrence of C-group 
and G-group aberrations. However, Sandberg and his co-workers concluded that none 
of the chromosomal groups showed numerical aberrations more frequently than might be 
expected from the number of chromosomes in each group. It is possible, however, that 
individual chromosomes are more frequently absent or, on the other hand, occur in numbers 
larger than normal. Sandberg et al (1964) suggested trisomy of chromosome 6 or of chromo­
some 9 in a few instances, but no complete certainty could be obtained by conventional 
methods. 
Identification of each of the human chromosomes is now possible, since the introduction of 
banding techniques. By the combined use of the trypsin-Giemsa technique and secondary 
constriction 9 staining, trisomy of chromosome 9 was clearly shown in the patient with AML 
described in this paper. The possibility of a certain role of chromosome 9 in diseases of the 
haematopoietic system has recently also been pointed out by Rowley (1973). In nine consecu­
tive patients with chronic myelogenous leukaemia and with one or more Ph' chromosomes 
an amount of additional material approximately equal to the amount missing from the Ph' 
chromosome appeared added to the long arm of chromosome 9. This suggests a translocation 
between the long arm of 22 and the long arm of 9, producing a 9 q + chromosome. 
A possible correlation between chromosomal aberrations on the one hand and myelo­
proliferative changes on the other can be established only after a study of a large number of 
bone marrow specimens from patients, and identification of each and every supernumerary 
or absent chromosome. 
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CONCLUDING REMARKS 
At the end of this thesis it appears desirable to make a few remarks on 
the most important results described in its various Papers. 
The first aim of the studies carried out has been the development of 
differential chromosome staining methods for use in diagnostic or in more 
fundamental cytogenetics. The six new staining techniques described in Pa-
pers I through V resulted from these efforts. One of the methods, viz. the 
trypsin-Giemsa technique for the staining of G-bands (Paper I), is at present 
routinely used in our diagnostic cytogenetic laboratory (see for example 
Papers I, VIII, IX and X). The CBS-, CBF-, RBS- and RBF-techniques (Papers 
IV and V) are being used, although less frequently, to study structural 
chromosome aberrations in order to determine as exactly as possible the 
points of breakage and the position of the centromeres. These methods may 
be of special importance when the terminal chromosome regions are affected. 
The latter areas often stain only faintly with G-banding methods, but in 
contrast can be made clearly visible and recognizable using the new R- and 
CT-banding techniques described above. 
The method for specifically staining the short arms of certain acrocen-
tric variants (the ABS-technique, Paper IV) appears, at least for the time 
being, of less diagnostic significance as the variants distinguishable with 
this technique occur only infrequently. However, in more fundamental cyto-
genetics this method might be very useful to study the variant areas both 
in metaphase and interphase nuclei. At present the location of the "ABS-
chromocentres" in the interphase nuclei of phytohaemagglutinin-stimulated 
lymphocytes is being investigated in our laboratory. These chromatin bodies 
seem often associated with the nucleolus, as has also been reported for the 
Y-chromatin (Bobrow et al., 1971), and for the chromocentres which can be 
made visible with the aid of the so-called N-banding technique (Funaki et al., 
1975). 
The ABS method might also be useful in the study of non-disjunction 
during male meiosis. Thus far the detection of specific chromocentres in hu-
man spermatozoa has only been possible for the Y-chromatin and for the he-
terochromatins of chromosomes Nos. 1 and 9. Using the Nos. 1-, 9-, and Y-
staining methods, non-disjunction rates of one to two percent for each of 
these chromosomes have been found (Pearson et al., 1973). If for the remain-
ing chromosomes the non-disjunction rate would be similar, approximately half 
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of the human spermatozoa would have a numerical chromosome aberration. ABS-
staining of the spermatozoa of individuals with ABS-positive variants should 
enable us to determine the non-disjunction rate of five additional autosomes, 
the chromosomes Nos. 13, 14, 15, 21 and 22. Such a study might provide a 
means to obtain evidence in support of or in disagreement with the hypothesis 
that a very high percentage of the human spermatozoa does not have the cor-
rect chromosome number. 
The ABS-technique might also be used as a supplementary method in the 
comparison of the karyotype of man and those of the primate species closest 
related to him (see, e.g , Grouchy et al , 1973, Pearson, 1973) Such in-
vestigations might reveal whether or not the type of chromatin characterized 
by the ABS-method occurs only in man 
In this postscript the trypsin--basic-fuchsin technique (GTF-method) 
deserves some further comments As discussed in Paper II, the basic fuchsin-
stained G-banding pattern has certain characteristics which make the GTF-
method in some way preferable to the GTG-banding techniques. However, the 
possibility to use the GTF-method in automated chromosome analysis was not 
mentioned in that paper. As in many other branches of cytology efforts are 
being made in diagnostic cytogenetics to use automation in the time-consuming 
microscopic examination of chromosome preparations. At present, efficient 
automation is restricted in its application by, amongst others, the inadequa-
cy and the insufficient standardization of the preparative and the staining 
phases Particularly the often very fuzzy appearance of GTG-stained chromo-
somes may be a hindrance. The sharp outline of chromosomes stained with the 
GTF-method may make this technique a valuable tool for a further standardi-
zation in automated chromosome analysis 
The second purpose of our investigations has been the study of the phy-
sico-chemical nature of the chromosome bands. Although each new staining re-
sult obtained did mean another phenomenon to be explained, our experiments 
have nevertheless provided a number of valuable data which might contribute 
to a clarification of the mechanism(s) of band formation. For example, it has 
been clearly demonstrated that the ability to produce G-bands is not restrict-
ed to Giemsa or related Romanowsky stains but that also those of an entirely 
different class, viz triphenylmethane dyes, can very well be used. Using the 
latter staining compounds to obtain bands, similar structural changes occurred 
in the chromosomes as with Giemsa. This means that a specific interaction be-
lli 
tween chromatin and the various components of the Giemsa mixture (Crossen, 
1973, Sumner and Evans, 1973; Meisner et al , 1974) does not fully explain 
the process of G-band formation 
The lack of information on the interaction between the complex Giemsa 
dye and the chromatin has always been a problem in the study of the banding 
mechanism. The GTF-method might simplify this problem as it has now become 
possible to produce distinct G-bands with basic fuchsin, a less complex stain 
than Giemsa, or even with a single component of basic fuchsin, e.g , pararos-
aniline (Paper II). The binding of basic fuchsin or of its constituents to 
chromatin, as occurring in the Feulgen reaction, is one of the most intensi­
vely studied histochemical processes. The mode of interaction between basic 
fuchsin and the chromatin in chromosome banding might well differ from that 
in the Feulgen reaction. Even so, the use of this dye may provide a means 
to better interpret the differential chromosome staining phenomena by taking 
advantage of the knowledge obtained from previous Feulgen studies. 
Another interesting observation made (Papers VI and VII) is that cations 
may play an important role in chromosomal band formation These ions were 
already known to affect chromosome morphology (Маю and Schildkraut, 1967, 
McKay, 1973) and in some cases were able to suppress the production of bands 
(Miller, 1973). Our discovery reported in Paper VI, that alkaline denatura-
tion of chromosomes in the presence of monovalent cations induces a G-band-
ìng pattern and that divalent cations have the opposite effect (R-banding 
pattern), shows very clearly that cations may indeed be of considerable im-
portance in differential chromosome staining As suggested in Papers VI and 
VII this is probably connected with a chromatin stabilization by the divalent 
cations. It also indicates that, in addition to the already known differen-
ces between band- and interband regions, e.g , in the base composition and 
repetitivity of their DNAs, etc. (see General Introduction 1.5.), these chro-
mosomal segments vary in their capacities to bind cations. It will be our 
aim to determine in further studies the rc4son(s) for the observed differen-
ces in cations binding properties It is also intended to investigate how 
divalent cations stabilize chromatin and protect it from denaturation by al-
kali (Paper VI) 
Since the introduction of biological staining the microscopist has learn-
ed to rely on staining results which he was unable to explain A good example 
is the May-Grunwald—Giemsa technique which has considerable value for dif-
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ferentiating blood cells and therefore is a major tool in medicine. Another 
example is Gram's staining method, one of the most frequently used techniques 
in bacteriology. The mechanisms of both staining methods are still unknown. 
A similar situation has now developed in cytogenetics. Although the mechanism 
responsible for differential chromosome staining is as yet not understood, 
the new methods have already revolutionized cytogenetics, especially human 
cytogenetics, and have become indispensable in the continuing search for a 
better understanding of the fine structure, the molecular organization, the 
behaviour and the function of the mammalian chromosome. 
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SUMMARY 
In this thesis a number of new techniques has been described for the 
differential staining of human chromosomes: 
1. A trypsin-Giemsa method to stain G-bands (Paper I). 
2. A second technique to produce G-bands. In this method, which also uses a 
trypsin pretreatment, the chromosomes are not stained with Giemsa, but 
with the triphenylmethane dye basic fuchsin (BF). The BF-banding gives 
more information than G-banding with Giemsa, as, in addition to G-bands, 
also certain Q- and C-band variants can be distinguished (Paper II). 
3. The CT technique, in which both C-bands and some "reverse".mainly telo-
meric (T-)bands are stained with the cationic dye "Stains-all". In con-
trast to other C-banding methods, the CT technique permits the identifi-
cation of all chromosomes (Papers III and IV). 
4. A new R-banding technique, which is a modification of the CT technique. 
As the secondary constriction of chromosome No. 9 stains positive, the 
pattern obtained differs from the "standard" R-banding pattern (Papers 
IV and V). 
5. A method for specifically staining the short arms of certain acrocentric 
variants. It also permits the detection of these variant regions in inter-
phase nuclei (Paper IV). 
In addition, the staining experiments described in this thesis have pro-
vided some interesting data concerning the possible mechanism(s) underlying 
the differential staining phenomena: 
1. In contrast to data from literature, a few other dyes than Giemsa or re-
lated Romanowsky stains may well be used for nonfluorescent banding of 
human chromosomes. For instance, the cationic dyes "Stains-all" and basic 
fuchsin are very suitable for R- and CT-banding. In addition, basic fuch-
sin and each of its component triphenylmethanes produce excellent G-band-
ing patterns (Papers II, IV and V). 
2. G-band formation with basic fuchsin produces similar structural changes 
in the chromosomes as are known to occur after G-banding with Giemsa: 
after staining the positive band areas appear as raised structures (Pa-
per II). 
3. The CT technique reveals both C- and T-band characteristics in human 
chromosomes. This simultaneous presence of two types of bands can be ex-
plained as follows: 
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- the alkaline pretreatment used in the CT technique induces an R-band pat-
tern in which the centromeres remain negative after staining, 
- the subsequent salt incubation makes the centromeric regions heavily 
stainable, the reverse bands, however, become weaker and of these mainly 
the telomeric bands remain (Paper IV) 
4 Cations play an important role in the band formation with alkali If only 
monovalent cations are present during alkaline pretreatment a rapid chro-
mosomal disintegration occurs, if the pretreatment is short enough, a C-
banding pattern is obtained However, if divalent cations are present, 
some chromosomal areas become markedly resistant to alkali, and the oppo-
site pattern, viz R-banding, is obtained. These results are probably caus-
ed by a chromatin stabilization by divalent cations (Paper VI) 
5 Cations are also important factors in the production of C-bands With the 
exception of Ag-ions, all other monovalent cations tested were able to in-
duce C-bands in Ba(OH) -pretreated chromosomes, caesium cations were the 
most effective In contrast, di- and polyvalent cations, and Ag-ions were 
not suitable for C-band formation Ca - ions were even able to prevent 
the C-band inducing effect of caesium cations These results are probably 
also an expression of a chromatin stabilization by di- and polyvalent cat-
ions (Paper VII) 
In the last part of this thesis three cases are described in which the 
new differential chromosome stPining techniques have been used for cytogene-
tic diagnosis Paper VIII reports on a chromosomally abnormal child whose 
parents seemed to have normal karyotypes as judged from conventionally stain-
ed metaphases. However, G-band analysis showed the mother to carry a balanced 
translocation between a chromosome No 10 and a chromosome No. 14 
Paper IX describes a child with a presumptive tetrasomy for a part of 
an autosome (No 9), an extremely rare type of chromosomal aberration 
Finally, paper X reports on the use of some differential chromosome 
staining techniques for the diagnosis of acquired trisomy-9 associated with 
a certain type of acute leukaemia 
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SAMbNVATTim 
Dit proefschrift beschrijft in de eerste plaats een aantal nieuwe tech-
nieken voor de differentiële kleuring van menselijke chromosomen: 
1. Een trypsine-Giemsa methode voor de kleuring van G-banden (Artikel I). 
2. Een tweede techniek voor het zichtbaar maken van G-banden. Bij deze methode 
worden de chromosomen na voorbehandeling met trypsine echter niet gekleurd 
met Giemsa, maar met de triphenylmethaankleurstof basische fuchsine. Het 
met basische fuchsine verkregen bandenpatroon geeft meer informatie dan G-
bandering met Giemsa, omdat naast G-banden ook bepaalde Q- en C-band vari-
anten te onderscheiden zijn (Artikel II) 
3. De CT-techniek, met behulp waarvan tegelijkertijd C-banden en bepaalde 
"reverse", voornamelijk telomere banden (T-banden) gekleurd worden met de 
basische kleurstof "Stains-all". Met de CT-techniek kunnen alle chromosomen 
worden geïdentificeerd, wat bij gebruik van andere C-banderingsmethoden 
niet mogelijk is. 
4 Een nieuwe R-banderingstechniek, die een modificatie is van de CT-tech-
niek. Het hiermee verkregen bandenpatroon verschilt van het "standaard" 
R-bandenpatroon, omdat de secundaire constrictie van chromosoom no. 9 
positief kleurt (Artikelen IV en V). 
5. Een methode voor de specifieke kleuring van de korte armen van bepaalde 
acrocentrische varianten. Met behulp hiervan kunnen de variante gebieden 
ook in interphase-kernen worden aangetoond (Artikel IV). 
Daarnaast hebben de kleuringsexperimenten enkele gegevens opgeleverd 
omtrent het mechanisme dat aan de chromosoraenbandering mogelijk ten grondslag 
ligt: 
1 In tegenstelling tot gegevens uit de literatuur kunnen ook enkele andere 
niet-fluorescerende kleurstoffen dan Giemsa of verwante Romanowsky-mengsels 
worden gebruikt voor de bandering van menselijke chromosomen.Zo zijn bijv. 
de kleurstoffen "Stains-all" en basische fuchsine geschikt voor R- en CT-
bandering.liet basische fuchsine en elk van de triphenylmethanen waaruit het 
is samengesteld kunnen uitstekende G-bandenpatronen worden verkregen (Arti-
kelen II, IV en V). 
2.Bij G-bandering met behulp van basische fuchsine treden dezelfde structurele 
veranderingen in de chromosomen op als na G-bandering met Giemsa- de posi-
tieve bandgebieden worden als richels zichtbaar (Artikel II). 
3.De CT techniek maakt zowel C- als T-banden in menselijke chromosomen zicht-
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baar. De gelijktijdige aanwezigheid van deze twee typen banden kan als 
volgt worden verklaard: 
- de alkalische voorbehandeling van de chromosomen Induceert een R-banden-
patroon waarin de centromeren na kleuring negatief blijven, 
- door de daaropvolgende zoutincubatie worden de centromere gebieden sterk 
kleurbaar; het R-bandenpatroon wordt echter zwakker zodat daarvan alleen 
de telomere banden overblijven (Artikel IV) 
4. Kationen spelen etn belangrijke rol bij de bandvorming met behulp van 
logen. Indien tijdens alkalische behandeling slechts éénwaardige kationen 
aanwezig zijn treedt een snelle desintegratie van de chromosomen op; is de 
voorbehandeling kort genoeg, dan wordt een G-bandenpatroon geïnduceerd. 
Indien echter tweewaardige kationen aanwezig zijn, worden sommige chromo-
soomgedeelten opvallend alkali-resistent en wordt het tegengestelde, nml 
een R-bandenpatroon verkregen. Deze resultaten zijn vermoedelijk het ge-
volg van een chromatine-stabilisatie door tweewaardige kationen (Artikel 
VI). 
5 Kationen zijn ook belangrijke factoren bij de vorming van C-banden geble-
ken. Met uitzondering van Ag-ionen waren alle onderzochte eenwaardige 
kationen in staat C-banden te induceren in met Ba(OH) - voorbehandelde 
chromosomen; caesium kationen waren in dit opzicht het meest effectief. 
Twee- en meerwaardige kationen, en Ag-ionen bleken echter niet geschikt 
voor C-bandering, Ca -ionen waren zelfs in staat het C-band inducerend 
vermogen van caesium-ionen te niet te doen. Ook deze resultaten zijn 
waarschijnlijk een gevolg van een chromatine-stabilisatie door twee- en 
meerwaardige kationen (Artikel VII) 
In het laatste gedeelte van dit proefschrift worden 3 toepassingen van 
de nieuwe differentiële chromosoomkleuringen in de cytogenetische diagnostiek 
beschreven. Artikel VIII betreft een chromosomenaberratie bij een kind wiens 
ouders, volgens analyse met behulp van conventionele chromosoomkleuring, nor-
male karyotypen leken te bezitten G-hand analyse bracht echter aan het licht 
dat bij de moeder een gebalanceerde translocatie tussen een chromosoom no. 10 
en een chromosoom no. 14 aanwezig was 
Artikel IX beschrijft een kind met een mogelijke tetrasomie voor een 
deel van een autosoom (i.e. chromosoom no. 9) hetgeen een buitengewoon zeld-
zame chromosomale afwijking is. 
In artikel X tenslotte wordt een voorbeeld gegeven van het gebruik van 
118 
differentiële chromosoomkleuringen in de diagnostiek van haematologische 
stoornissen, in dit geval een acute leukaemie gepaard gaande met een verwor-
ven trisomie van chromosoom no. 9. 
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1 
G-bandering van menselijke chromosomen kan ook met andere dan de 
Romanowsky kleurstoffen worden verkregen. 
Dit proefschrift. 
2 
Bij onderzoek naar het mechanisme van chromosoombandering is het 
gebruik van enkelvoudige kleurstoffen te verkiezen boven dat van meng-
sels. 
Dit proefschrift. 
3 
Door behandeling met logen kunnen in menselijke chromosomen banden-
patronen worden geïnduceerd. Daarbij speelt de aard van de aanwezige 
kationen een belangrijke rol. 
Dit proefschrift. 
4 
Er zijn goede redenen de drie-lettercode voor banderingstechnieken 
te herzien. 
Dit proefschrift. 
5 
De naam chiasma dient niet te worden gebruikt voor de quadriradiale 
configuraties zoals die bijvoorbeeld in mitotische metafasen van patiënten 
met het syndroom van Bloom kunnen worden aangetroffen. 
Kunh, E.M.: Chromosoma (Beri.) 57, 1-11 (1976). 
6 
Chromosomenanalyse is onmisbaar bij onderzoek naar de aetiologie en 
Pathogenese van maligne aandoeningen. 
7 
Geneesmiddelen dienen ook te worden getest op hun vermogen in mense-
lijke cellen uitwisselingen tussen zusterchromatiden te veroorzaken. 
8 
Bij het gereedmaken van gebandeerde menselijke karyogrammen voor 
publicatie dient door deskundigen gewaakt te worden voor fouten tegen 
de Parij se nomenclatuur. 
Het inbrengen van getransformeerde cellen in een embryo vormt een 
mogelijkheid hun vermogen tot differentiatie te onderzoeken. 
Mintz, В., Illmensee, K.: Proc. nat. Acad. Sci. USA 72, 3585-3589 (1975). 
10 
Analoog aan de regelingen betreffende laboratoriumonderzoek met 
radioactieve stoffen dient ook het werken met virus aan een vergun­
ningen- en controlesysteem te worden onderworpen. 
11 
Syndroombenamingen die patiënten of hun familieleden onaangenaam 
kunnen treffen, moeten worden vermeden. 
12 
Het anoniem publiceren van wetenschappelijk werk maakt promoveren 
op artikelen onmogelijk zonder afbreuk te doen aan de anonimiteit. 
Garfield, E.: Current Contents 19(26), 5-7 (1976). 
13 
Meer aandacht voor de etymologie op middelbare scholen zal de inte-
resse van de leerlingen in de taal doen toenemen. 
14 
De laatste stelling bij een proefschrift leidt vaak de aandacht 
onevenredig veel van de dissertatie af. 
Nijmegen, 5 november 1976 Stellingen behorende bij het proef-
schrift: "Differential staining of 
human chromosomes" van J.M.J.C. Scheres. 


